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The function f a haptoglobin-haem globln receptor and the uses thereof 

The present Invention relates to haptoglobin-haernoglobin (Hp-Hb) complex or a part 
thereof or a mimic thereof being operabty linked to a substance and capable of 
5 binding a CD163 receptor. Furthermore, the invention relates to a CD163 variant, 
membrane bound or soluble, capable of binding at least one haptoglobin- 
haernoglobin (Hp-Hb) complex, and the use of the Hp-Hb complex and the CD163 
receptor for therapy. 

1 0 Background of the invention 

Normal adult haemoglobin consists of a tetramer of four haemoglobin chains, two a- 
chains and two p-chalns. 0 2 binds to the tetramerlc form of haemoglobin and is 
transported in the blood. Fetal blood comprises fetal haemoglobin, a tetramer con 
15 sisting of two a-chains and two y-chain6. Further haemoglobin chains have been 
identified, such as 5-chains, e-chains. zeta-chains, x-chains or the S form known to 
be the mutation seen in haemoglobin of individuals suffering from sickle cell dis- 
ease. 

20 Intravascular lysis of red blood cells (haemolysis) leads to the release of haemoglo- 
bin into plasma. This phenomenon occurs during physiological as well as pathologi- 
cal conditions. Pathological complications are severe when accelerated in infectious 
e.g. malaria), inherited (e.g. side cell anemia), or autoimmune diseases. The hae- 
moglobin tetramers are converted to haemoglobin dinners capable of binding hapto- 

25 globin. In the plasma haemoglobin is captured by the acute phase protein haptoglo- 
bin. Haptoglobin Is a blood plasma protein having a molecular weight of approxi- 
mately 86.000 to 400.000 and plays an Important role in the metabolism of haemo- 
globin liberated into the blood stream. When liberated excessively in the blood the 
haemoglobin is excreted into the urine through the renal tubules, resulting in not 

30 only an Iron loss but also disorders of the renal tubules. Because haptoglobin binds 
selectively and firmly to haemoglobin in vivo and thereby forms a haemoglobin- 
haptoglobin complex, it has important functions in the recovery of iron and in the 
prevention of renal disorders. 
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Hp is synthesised as a single chain, which Is post-translationally cleaved into an 
amino-termlnal a chain and a carboxy-terminal J3 chain. The basic structure of Hp, 
as found in most mammals, is a homodimer (Fig. 2a). in which the two Hp molecules 
are linked by a single disulfide bond via their respective -9 KDa a chains. In man, a 
5 variant with a long a chain is also present in all populations. This variant arose ap- 
parently by an early intragenic duplication, presumably originating from an unequal 
crossover of two basic alleles, resulting in an Hp with an a chain of -14 kDa. The 
short and long a chains are designated as <z T and a 2 respectively. Since the cys- 
teine forming the fntermolecular disulfide bond between the a chains is also dupli- 
10 cated, humans carrying the long variant allele exhibit a multimerfc Hp phenotype 
(Fig. 2a). 

Conventional human haptoglobins have been well studied; they were discovered 
over 40 years ago and their role is thought to be in the plasma transport of free 

15 haemoglobin. Additionally, haptoglobin is believed to have anti-inflammatory activi- 
ties, such as its decreasing effect on neutrophil metabolism, and an effect on the 
immune system by possibly modulating B cell proliferation and decrease antibody 
production. The mechanisms of the influence of haptoglobin on Immune function Is 
unknown. The potential signalling pathways by which haptoglobin is mediating its 

20 effects, and the existence of a haptoglobin receptor have not been disclosed in the 
prior art. 

However, Ghmati et al. t 1996 describe a study In which haptoglobin Is an alternative 
low-affinity ligand for CD11b/CD18 on monocyte cell lines. CD11b/CD18 is part of 
25 the integrin family and is involved in inflammatory and immunological functions. 

Yet another receptor molecule present on monocytes Is CD 163, It is identified as a 
member of the scavenger receptor cystein-rich superfamily (SRCR) present on cells 
of the monocytic family, such as most macrophages. Ritter et al., 1999 discuss the 

30 regulation, promoter structure and genomic organisation of the CD 163 receptor. The 
precise function of CD 163 is not disclosed. Furthermore, previous work on the bio- 
logical function of CD 163 is limited to a study on the effect of antibody-mediated 
crosslinking of CD163 on cultured monocytes(Van den Heuvel, M.M. et al. Regula- 
tion of CD163 on human macrophages: cross-linking of CD163 induces signalling 

35 and activation. J, Leukoc.Bil. 66, 858-866 (1999). The CD 163 surface ligation In- 
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duces a tyrosine kinase dependent signal resulting In intracellular calcium mobilisa- 
tion, Inositol triphosphate production, and increased secretion of antiinflammatory 
cytokines. 

5 Summary 

The present Inventors have identified CD163 as the high-affinity macrophage re- 
ceptor for haptogfobin-haemoglobin complexes, They also have Identified a soluble 
form of CD163 In plasma of normal human subjects and found a correlation between 
10 membrane bound and soluble receptor. Under normal conditions approx. 100-500 
pg/I soluble CD163 is present In plasma. The present invention relates to the use of 
the CD163 receptor, membrane bound or soluble and/or a CD163 variant, and/or 
the use of haptoglobin-haemogfobln complexes in the diagnosis, prevention and/or 
treatment of various diseases and disorders. 

15 

Accordingly, the invention describes a Hp-Hb complex, or a part thereof or a mimic 
thereof being operably linked to a substance, wherein the Hp-Hb complex is capable 
of binding CD163 and/or a CD163 variant. In the present context the term Hp-Hb 
complex includes a functional equivalent thereof unless expressively otherwise 
20 stated. 

In the present context the term "substance" means a component heterologous to the 
Hp-Hb complex, such as a drug, a gene, a vesicle, a vector, or the like. 

25 Further, the invention concerns the use of at least one Hp-Hb complex for the deliv- 
ery of at least one drug, or at least one gene to a cell expressing a CD163 receptor 
and/or a CD163 receptor variant. The invention also relates to the use of at least 
one Hp-Hb complex, further comprising a CD163 receptor variant for the identifica- 
tion of at least one Hp-Hb complex in serum and/or plasma of an Individual. 

30 

In the present context the term CD163 receptor covers both the conventional scav- 
enger receptor CD163 of monocytes and most tissue macrophages as well as the 
soluble form of CD163, sHbSR unless otherwise specified. The term CD163 is used 
synonymously with the term CD163 receptor. The term sHbSR is used inter- 
35 changeably with soluble CD163 receptor. 
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The term a CD163 receptor variant is used synonymously with the term CD163 vari- 
ant. 

5 In another aspect, the present invention relates to a CD163 variant capable of bind- 
ing at least one haptoglobirv-haemogiobin (Hp-Hb) complex. 

In a further aspect af the invention the use of at least one CD163 variant in the 
manufacture of a medicament for treatment of disorders/complications related to 
10 haemolysis in an individual in need of such treatment is disclosed. 

Also, the invention describes the use of at least one CD163 variant for the removal 
of at least one Hp-Hb complex in serum and/or plasma of an individual, and the use 
for the determination of the haemolysis rate of an individual. Further, the use of at 
15 least one complex comprising haemoglobin and haptoglobin as a marker for a cell 
expressing a CD163 variant, wherein at least one of the haemoglobin or haptoglobin 
molecules are labelled is also described in the present invention. 

An object of the invention is to provide a CD163 molecule for the use as a medlca- 
20 ment. The areas of use of a CD163 molecule according to the invention are identical 
to the areas of use described above for the CD163 variant. 

Further, a Hp-Hb complex, or a part thereof or a mimic thereof being operably linked 
to a substance, wherein the Hp-Hb complex is capable of binding said CD163 mole- 
25 cule is also within the scope of the Invention. 

In the present context the word medicament is used in its normal meaning as a 
composition to be administered to an Individual for prophylactic, therapeutic andfor 
diagnostic purposes. 

30 



35 
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Figures 

Rg. 1; is an Illustration of the steps Involved In the Hp-Hb/CD163 binding. 

5 Fig. 2: shows examples of a) a haptoglobin dimer, b) haptoglobin multimers, c) Hp- 
Hb complexes, and d) a SDS-PAGE gel of mono- and multimers of hapto- 
globin. 

Rg. 3: shows a CD 163 molecule. 

10 

Fig. 4: shows 9 different haptoglobin sequences 
Fig. 5: shows 4 different CD163 sequences 

15 Fig. 6: Binding of Hp-Hb to CD163. a P Illustration of the subunlt organisation and 
disulfide bridging of the various Hp and Hp-Hb complexes. The inset shows 
non-reducing SDS-PAGE of the Hp(1-1) dimer and Hp(2-2) muKimers. b. 
Surface plasmon resonance analysis of the binding of Hp-Hb to CD163. The 
measurements were carried out at Hb concentrations ranging from zero to 

20 100 pg/ml in the absence of Hp (left panel), or in the presence of 50 fjg/ml of 

Hp(1-1) (middle panel), and 50 pg/ml Hp(2-2) (right panel). No binding was 
observed with either Hb or Hp alone, and saturation of the binding was ob- 
tained at 50 pg/ml Hb for both Hp phenotypes. c, Inhibition of CD 163- 

binding of 125|.j a be!led Hp(1-1)-Hb (teft panels) and Hp(2-2)-Hb (right pan- 
25 els) by polyclonal anti-CD163 IgG, non-immune rabbit IgG, EDTA (5 mM) 

and by various concentrations of unlabelled Hp(1-1)-Hb and Hp(2-2)-Hb 
complexes. CD163 was immobilised in microtiter plate wells. 

Fig. 7: CD163-mediated endocytosls of 125 l -Hp-Hb. a, Celf-assoclation and degrada- 
30 tion of 126 l-Hp(2-2)-Hb in mock-transfected (left panel) and CD163 cDNA- 

transfeded CHO cells (middle panel). Addition of the lysosomal inhibitors 
chloroquine and leupeptin (both 100 ^M) inhibited degradation leading to 
cellular accumulation of radioactivity (right panel), b, Inhibition of 12S l-Hp-Hb 
uptake in CD163 cDNA-transfected CHO cells (left panel) and in CD163- 
35 expressing histiocytic lymphoma-derlved SU-DHL-1 ceils (right panel). Both 
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cell types displayed a saturable uptake inhibited by anti-CD 163 polyclonal 
IgG. The Insets In a and b show antl-CDl63 immunoblotting of the cells. 

Fig. 8: Determination of the concentration of sCD163 in the blood of a human donor 

5 

Detailed description of the Invention 

In a first aspect the present invention relates to a Hj>Hb complex or a functional 
equivalent thereof being operably linked to a substance, said complex and/or func- 
10 ttonal equivalent thereof being capable of binding to a CD163 receptor and/or a 
CD163 variant. A functional equivalent of a Hp-Hb complex is to be understood as 
any part (or fragment) or any mimic capable of binding to a CD163 receptor. 

"Functional equivalency" as used in the present invention is according to one pre- 
15 ferred embodiment established by means of reference to the corresponding func- 
tionality of a predetermined Hp-Hb fragment 

In the present context the term "Hp-Hb complex" means a complex of at least one 
haptoglobin chain and at least one haemoglobin chain. Preferably the complex 
20 comprises at least one haptoglobin chain and at least one dfmeric form of haemo- 
globin chains. In a further preferred embodiment the complex comprises a mul- 
tirneric form of haptoglobin chains such as a dimeric form, each haptoglobin chain 
binding at least one haemoglobin chain, preferably a dimer of haemoglobin chains. 

25 The fragment thereof should be understood to be any part of the Hp-Hb complex 
capable of binding to the CD163 receptor or to a variant thereof and through said 
binding activate uptake of the fragment and/or the substance into the CD163 pre- 
senting cell. 

30 The mimic thereof should be understood to be any modification of the Hp-Hb com- 
plex (in the present context also called a variant of the complex) or any other mole- 
cule capable of binding to the CD163 receptor or to a variant thereof and through 
said binding activating uptake of the fragment and/or the substance into the CD163 
presenting cell. Mimics may be peptides, peptide derivatives, antibodies, as well as 

35 non-peptide compounds, such as small organic compounds, sugars and fats. 
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Fragments and/or mimics may be identified by combinatorial chemistry usfng the 
CD 163 receptor. 

5 The Hp-Hb complex fragment or mimic Is preferably, capable of binding to a region 
in the SRCR domafns l-IX of the CD 163 receptor, such as capable of binding to a 
region in the SRCR domains l-Vllf of the CD163 receptor, capable of binding to a 
region in the SRCR domains l-VII of the CD163 receptor, capable of binding to a 
region in the SRCR domains 1-VI of the CD163 receptor, capable of binding to a 
10 region in the SRCR domains l-V of the CD163 receptor, capable of binding to a re- 
gion in the SRCR domains l-IV of the CD163 receptor, capable of binding to a re- 
gion In the SRCR domafns Mil of the CD 163 receptor, capable of binding to a region 
in the SRCR domains Ml of the CD 163 receptor, or a variant thereof, 

15 It Is preferred that the Hp-Hb complex or a part thereof or a mimic thereof is avail- 
able In a purified and/or Isolated form. 

According to the invention the term "Hp-Hb complex" Is meant to include functional 
equivalents of the Hp-Hb complex comprising a predetermined amino acid se- 
20 quence. In the present context the term "predetermined amino add sequence of Hp- 
Hb complex" relates to both the haptoglobin sequence and the haemoglobin se- 
quence. 

The predetermined sequence of a haptoglobin chain may be any of the sequences 
25 shown in Fig. 4a and 4b, i.e. any of the sequences having the sequence Identifica- 
tion in the sequence database SWISS-PROT (sp) or trEMBL (tr). 

sp|P00737|HPT1_HUMAN 

sp|P00738|HPT2JHUMAN 
30 sp|P50417|HPT_ATEGE 

tr|Q60574|Q60574 

tr|Q61646|Q61646 

spiQ62558|HPT_MUSSA 

sp|P06866|HPT,RAT 
35 tr|O35086|O35086 
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sp|P19006|HPT_CANFA 

A predetermined amino acid sequence for a heamoglobin chain may be any of the 
sequences mentioned below together with accession No. in the sequence database 
5 SWISSPROT: 

sp(P01922|HBA_HUMAN HEMOGLOBIN ALPHA CHAIN - 

Homo sapiens (Human), Pan troglodytes (Chimpanzee), and Pan panlscus (Pygmy 

chimpanzee) (Bonobo). 

10 

VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH 
GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL 
LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR 

15 sp|PQ2023|HBB_HUMAN HEMOGLOBIN BETA CHAIN - 

Homo sapiens (Human), Pan troglodytes (Chimpanzee), and Pan paniscus (Pygmy 
chimpanzee) (Bonobo). 

VHLTFEEKSA\n*ALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLST 
20 PDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDP 
ENFRLLGN\^VC\^HHFGKEFTPPVQAAYQKWAGVANALAHKYH 

sp|P02042|HBDJHUMAN HEMOGLOBIN DELTA CHAIN - 
Homo sapiens (Human). 

25 

VHLTPEEKTAVNALWGKVNVDAVGGEALGRLLWYPWTQRFFESFGDLSS 
PDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFSQLSELHCDKLHVDP 
ENFRLLGNVLVCVLARNFGKEFTPQMQAAYQKWAGVANALAHKYH 

30 

sp|P02096|HBG_HUMAN HEMOGLOBIN GAMMA-A AND GAMMA-G CHAINS - 
Homo sapiens (Human), and Pan troglodytes (Chimpanzee). 

GHFTEEDKATITSLWGKVNVEDAGGETLGRLLWYPWTQRFFDSFGNLSS 
35 ASAIMGNPKVKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDP 
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ENFKLLGMVLVTVLAIHFGKEFTPEVQASWQKMVTAVASALSSRYH 

sp|P09105|HBAT_HUMAN HEMOGLOBIN THETA-1 CHAIN - 
Homo sapiens (Human). 

5 

ALSAEDRaLVRALWKKLGSNVGVYTTEALERTFLAFPATKTYFSHLDLSP 

GSSQVRAHGQKVADALSLAVERLDDLPHALSALSHLHACQLRVDPASFQL 

LGHCLLVTLARHYPGDFSPALQASLDKFLSHVISALVSEYR 

10 sp|P02008|HBA2_HUMAN HEMOGLOBIN ZETA CHAIN - 
Homo sapiens (Human). 

SLWERTWSMWAKISTQADTIGTETLERLFLSHPQTKTYFPHFDLHP 
GSAQLRAHGSKWAAVGDAVKSIDDIGGALSKLSELHAYILRVDPVNFKL 
15 LSHCLLVTLAARFPADFTAEAHAAWDKFLSWSSVLTEKYR 

sp|P02100|HBE_HUMAN HEMOGLOBIN EPSILON CHAIN - 
Homo sapiens (Human). 

20 VHFTAEEKAAVTSLWSKMNVEEAGGEALGRLLWYPWTQRFFDSFGNLSS 
PSAILGNPKVKAHGKKVLTSFGDAIKNMDNLKPAFAKLSELHCDKLHVDP 
ENFKLLGNVMVIILATHFGKEFTPEVQAAWQKLVSAVAIALAHKYH 



25 tr|Q14510|Q14510 SICKLE BETA-HEMOGLOBIN MRNA - 
Homo sapiens (Human). 

MVHLTPV/EKSAVTAXWGKVNVDEVGGEALGRLLWYPWTQRFFESFGDLS 
TPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVD 
30 PENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKWAGVANALAHKYH 

A "functional equivalent' is defined as: 
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i) equivalents comprising an amino acid sequence capable of being recognised 
by an antibody also capable of recognising the predetermined amino acid 
sequence, and/or 

5 If) equivalents comprising an amino acid sequence capable of binding to a re* 
ceptor moiety also capable of binding the predetermined amino acid se- 
quence, and/or 

Hi) equivalents having at least a substantially similar or higher binding affinity to 
10 CD163 as at least a monomeric Hp-Hb complex comprising said predeter- 

mined amino acid sequence. 

According to the present invention a functional equivalent of a Hp-Hb complex or 
fragments thereof may be obtained by addition, substitution or deletion of at least 
15 one amino acid in either or both of the haptoglobin sequence and the haemoglobin 
sequence. Thus, a functional equivalent of the Hp-Hb complex may comprise a 
modification of either of the components of the complex or both. 

When the amino acid sequence comprises a substitution of one amino acid for an- 
20 other, such a substitution may be a conservative amino add substitution. Fragments 
of the complex according to the present Invention may comprise more than one 
such substitution, such as e.g. two conservative amino acid substitutions, for exam- 
ple three or four conservative amino acid substitutions, such as five or six conserva- 
tive amino acid substitutions, for example seven or eight conservative amino acid 
25 substitutions, such as from 10 to 15 conservative amino acid substitutions, for ex- 
ample from 15 to 25 conservative amino acid substitution. Substitutions can be 
made within any one or more groups of predetermined amino acids. 

Examples of equivalents comprising one or more conservative amino acid substitu- 
30 tions including one or more conservative amino acid substitutions within the same 
group of predetermined amino adds, or a plurality of conservative amino acid sub- 
stitutions, wherein each conservative substitution Is generated by substitution within 
a different group of predetermined amino acids. 

35 Accordingly, mimics of the complex, or fragments thereof according to the invention 
may comprise, within the same mimic, or fragments thereof or among different 
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mimics, or fragments thereof, at least one substitution, such as a plurality of substi- 
tutions introduced Independently of one another. Mimics f th compl x, or frag- 
ments thereof may thus comprise conservative substitutions independently of one 
another, wherein at least one glycine (Gly) of said mimic, or fragments thereof is 
5 substituted with an amino acid selected from the group of amino acids consisting of 
Ala, Val, Leu, and He, and independently thereof, mimics, or fragments thereof, 
wherein at least one of said alanines (Ala) of said mimics, or fragments thereof is 
substituted with an amino acid selected from the group of amino acids consisting of 
Gly, Val, Leu, and lie, and independently thereof, mimics, or fragments thereof, 

10 wherein at least one valine (Val) of said mimic, or fragments thereof is substituted 
with an amino acid selected from the group of amino acids consisting of Gly, Ala, 
Leu, and lie, and independently thereof, mimics, or fragments thereof, wherein at 
least one of said leucines (Leu) of said mimic, or fragments thereof is substituted 
with an amino acid selected from the group of amino acids consisting of Gly, Ala, 

15 Val, and He, and Independently thereof, mimics, or fragments thereof, wherein at 
least one isoleuclne (He) of said mimics, or fragments thereof Is substituted with an 
amino acid selected from the group of amino acids consisting of Gly, Ala, Val and 
Leu, and Independently thereof, mimics, or fragments thereof wherein at least one 
of said aspartic acids (Asp) of said mimic, or fragments thereof is substituted with an 

20 amino acid selected from the group of amino acids consisting of Glu, Asn, and Gin, 
and independently thereof, mimics, or fragments thereof, wherein at least one of 
said phenylalanines (Phe) of said mimics, or fragments thereof is substituted with an 
amino add selected from the group of amino acids consisting of Tyr. Trp, His, Pro, 
and preferably selected from the group of amino acids consisting of Tyr and Trp, 

25 and independently thereof, mimics, or fragments thereof, wherein at least one of 
said tyrosines (Tyr) of said mimics, or fragments thereof is substituted with an amino 
add selected from the group of amino acids consisting of Phe, Trp, His, Pro, pref- 
erably an amino acid selected from the group of amino acids consisting of Phe and 
Trp, and independently thereof, mimics, or fragments thereof, wherein at least one 

30 of said arglnines (Arg) of said fragment 1$ substituted with an amino acid selected 
from the group of amino acids consisting of Lys and His, and independently thereof, 
mimics, or fragments thereof, wherein at least one lysine (Lys) of said mimics, or 
fragments thereof is substituted with an amino acid selected from the group of 
amino adds consisting of Arg and His, and independently thereof, mimics, or frag- 

35 ments thereof, wherein at least one of said aspargjnes (Asn) of said mimics, or 
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fragments thereof is substituted with an amino acid selected from the group of 
amino acids consisting of Asp, Glu, and Gln ( and independently thereof, mimics, or 
fragments thereof, wherein at least one glutamine (Gin) of said mimics, or fragments 
thereof Is substituted with an amino acid selected from the group of amino acids 
5 consisting of Asp, Glu, and Asn, and independently thereof, mimics, or fragments 
thereof, wherein at least one proline (Pro) of said mimics, or fragments thereof is 
substituted with an amino acid selected from the group of amino acids consisting of 
Phe, Tyr, Trp, and His, and independently thereof, mimics, or fragments thereof, 
wherein at least one of said cysteines (Cys) of said mimics, or fragments thereof is 
10 substituted with an amino acid selected from the group of amino acids consisting of 
Asp, Glu, Lys, Arg, His, Asn, Gin, Ser, Thr, and Tyr. 

It is clear from the above outline that the same equivalent or fragment thereof may 
comprise more than one conservative amino acid substitution from more than one 
15 group of conservative amino acids as defined herein above. 

Conservative substitutions may be introduced in any position of a preferred prede- 
termined Hp-Hb complex of fragment thereof. It may however also be desirable to 
introduce non-conservative substitutions, particularly, but not fimited to, a non- 
20 conservative substitution fn any one or more positions. 

A non-conservative substitution leading to the formation of a functionally equivalent 
fragment of the sequences in Figure 1 or 2 would for example i) differ substantially 
in polarity, for example a residue with a non-polar side chain (Ala, Leu, Pro, Trp, Val, 

25 lie, Leu, Phe or Met) substituted for a residue with a polar side chain such as Gly, 
Ser, Thr, Cys, Tyr, Asn, or Gin or a charged amino acid such as Asp, Glu, Arg, or 
Lys, or substituting a charged or a polar residue for a non-polar one; and/or il) differ 
substantially In its effect on polypeptide backbone orientation such as substitution of 
or for Pro or Gly by another residue; and/or III) differ substantially in electric charge, 

30 for example substitution of a negatively charged residue such as Glu or Asp for a 
positively charged residue such as Lys, His or Arg (and vice versa); and/or Iv) differ 
substantially in steric bulk, for example substitution of a bulky residue such as His, 
Trp, Phe or Tyr for one having a minor side chain, e.g. Ala, Gly or Ser (and vice 
versa). 

35 
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Substitution of amino acids may in one embodiment be made based upon their hy- 
drophobicity and hydrophilicity values and the relative similarity of the amino acid 
side-chain substituents, including charge, size, and the like. Exemplary amino acid 
substitutions which take various of the foregoing characteristics into consideration 
5 are well known to those of skill in the art and include: arginine and lysine; glutamate 
and aspartate; serine and threonine; glutamine and asparaglne; and valine, leucine 
and isoleucine. 



The addition or deletion of an amino acid may be an addition or deletion of from 2 to 
10 preferably 10 amino adds, such as from 2 to 8 amino acids, for example from 2 to 6 
amino acids, such as from 2 to 4 amino acids. However, additions of more tfian 10 
amino acids, such as additions from 10 to 200 amino acids, are also comprised 
within the present invention* In the discussion of deletions and additions reference 
is made to a monomelic form of the complex, I.e. two haemoglobin chains and one 
15 haptoglobin chain. In the muttimeric forms additions/deletions may be made indi- 
vidually in each monomer of the multimer. 

It will thus be understood that the Invention concerns Hp-Hb complexes comprising 
at least one fragment capable of binding at least one CD163 receptor or a variant 
20 thereof, including any variants and functional equivalents of such at least one frag- 
ment 

The Hp-Hb complex according to the present invention, including any functional 
equivalents and fragments thereof, may in one embodiment comprise less than 300 

25 amino acid residues, such as less than 275 amino acid residues, such as less than 
250 amino acid residues, such as less than 225 amino acid residues, such as less 
than 200 amino add residues, such as less than 175 amino acid residues, such as 
less than 1 50 amino acid residues, such as less than 125 amino acid residues, such 
as less than 100 amino acid residues, such as less than 95 amino acid residues, for 

30 example less than 90 amino acid residues, such as less than 85 amino acid resi- 
dues, for example less than 80 amino acid residues, such as less than 75 amino 
acid residues, for example less than 70 amino acid residues, such as less than 65 
amino acid residues, for example less than 60 amino acid residues, such as less 
than 55 amino acid residues, for example less than 50 amino acid residues, such as 

35 less than 45 amino acid residues, for example less than 40 amino acid residues, 
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such as less than 38 amino acid residues, for example less than 37 amino acid resi- 
dues, such as I ss than 36 amino acid residues, for example less than 35 amino 
acid residues, such as less than 34 amino acid residues, for example less than 33 
amino acid residues, such as less than 32 amino acfd residues, for example less 
5 than 31 amino acid residues, such as about 30 amino acid residues, for example 
less than 30 amino acid residues, such as about 29 ammo acid residues. The num- 
ber of amino acid residues relate to the total number of amino acid residues in the 
complex Independent of the complex being a linear amino acid sequence or a non- 
linear complex of amino acid sequences. 

\Q 

A fragment comprising the CD163 binding region of native Hp-Hb complex is par- 
ticularly preferred. However, the Invention is not limited to fragments comprising the 
CD163 receptor binding region. Deletions of such fragments generating functionally 
equivalent fragments of the complex comprising less than the CD163 receptor 

15 binding region are also comprised in the present invention. Functionally equivalent 
complex peptides, and fragments thereof according to the present invention, may 
comprise less or more amino add residues than CD163 receptor binding region- 
Fragments comprising the CD163 receptor binding region of HP-Hb complex pref- 

20 erably comprises regions capable of binding to the SRCR domains NX of the 
CD163 receptor, such as capable of binding to a region In the SRCR domains I-Vill 
of the CD163 receptor, capable of binding to a region in the SRCR domains I-VII of 
the CD163 receptor, capable of binding to a region In the SRCR domains l-VI of the 
CD163 receptor, capable of binding to a region In the SRCR domains I-V of the 

25 CD163 receptor, capable of binding to a region in the SRCR domains l-iV of the 
CD 163 receptor, capable of binding to a region In the SRCR domains Mil of the 
CD163 receptor, capable of binding to a region in the SRCR domains I- 1 1 of the 
CD163 receptor. 

30 Fragments of the complex preferably comprises at least the heavy chain (p) of hap- 
toglobin or a part of said chain capable of forming complex with haemoglobin. 

In particular the fragments may comprise a sequence corresponding to aa 103-347 
of sp|P00737 In Fig. 4 or to aa 1 62-405 of sp|P00738, 

35 
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In one embodiment mimics may be understood to exhibit amino acid sequences 
gradually differing from the preferred predetermined sequence, as the number and 
scope of insertions, deletions and substitutions including conservative substitutions 
increases. This difference is measured as a reduction In homology between the pre- 
5 determined sequence and the mimic. 

All functional equivalents of Hp-Hb complexes are included within the scope of this 
invention, regardless of the degree of homology that they show to a predetermined 
sequence of Hp-Hb complexes. The reason for this is that some regions of the com- 
10 plex are most likely readily mutatabte, or capable of being completely deleted, with- 
out any significant effect on the binding activity of the resulting fragment. 

A functional equivalent obtained by substitution may well exhibit some form or de- 
gree of native Hp-Hb activity, and yet be less homologous, if residues containing 

15 functionally similar amino acid side chains are substituted. Functionally similar In this 
respect refers to dominant characteristics of the side chains such as hydrophobic, 
basic, neutral or acidic, or the presence or absence of steric bulk. Accordingly, in 
one embodiment of the Invention, the degree of identity between I) a given complex 
equivalent capable of effect and ii) a preferred predetermined fragment, is not a 

20 principal measure of the fragment as a variant or functional equivalent of a preferred 
predetermined complex fragment according to the present invention. 

Fragments sharing at least some homology with a preferred predetermined complex 
fragment of at least 50 amino acids, more preferably at least 100 amino adds, are to 

25 be considered as falling within the scope of the present invention when they are at 
least about 40 percent homologous with the preferred predetermined Hp-Hb com- 
plex or fragment thereof, such as at least about 50 percent homologous, for exam- 
ple at least about 60 percent homologous, such as at least about 70 percent ho- 
mologous, for example at least about 75 percent homologous, such as at least 

30 about 80 percent homologous, for example at feast about 85 percent homologous, 
such as at least about 90 percent homologous, for example at least 92 percent ho- 
mologous, such as at least 94 percent homologous, for example at least 95 percent 
homologous, such as at least 96 percent homologous, for example at least 97 per- 
cent homologous, such as at least 98 percent homologous, for example at least 99 

35 percent homologous homologous with the predetermined complex fragment. In a 
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preferred embodiment the above percentages for homology also relates to percent- 
age identity. 

The Hp-Hb complex is preferably constituted of at least two different chains (se- 
5 quences) wherein one chain constitutes the haptoglobin part of the complex and the 
other chain constitutes the haemoglobin part. A mfmic of the Hp-Hb complex may 
however be constituted by one chain (sequence) or multimers of said chain, wherein 
the chain Is a steric equivalent of the Hp-Hb complex. 

10 In addition to the mimics described herein, sterically similar variants may be formu- 
lated to mimic the key portions of the variant structure and that such compounds 
may also be used in the same manner as the variants of the invention. This may be 
achieved by techniques of modelling and chemical designing Known to those of skill 
In the art. ft will be understood that all such sterically similar constructs fall within the 

1 5 scope of the present Invention. 

In one embodiment the Hp-Hb complex or parts thereof or mimics thereof is synthe- 
sised by automated synthesis. Any of the commercially available solid-phase tech- 
niques may be employed, such as the Merrifield solid phase synthesis method, in 

20 which amino acids are sequentially added to a growing amino acid chain. Equipment 
for automated synthesis of polypeptides Is commercially available from suppliers 
such as Applied Biosystems, Inc. of Foster City, Calif., and may generally be oper- 
ated according to the manufacturer's Instructions. Solid phase synthesis will enable 
the incorporation of desirable amino acid substitutions Into any Hp-Hb complex ac- 

25 cording to the present invention. It will be understood that substitutions, deletions, 
insertions or any subcombination thereof may be combined to arrive at a final se- 
quence of a functional equivalent. Insertions shall be understood to include amino- 
termlnal and/or carboxyl-terminal fusions, e.g. with a hydrophobic or immunogenic 
protein or a carrier such as any polypeptide or scaffold structure capable as serving 

30 as a earner. 

Hp-Hb complexes according to the invention may be synthesised both fn vitro and in 
vivo. Methods for in vitro synthesis are well known. When synthesized in vivo, a host 
cell is transformed with vectors containing DMA encoding various parts of the Hp-Hb 
35 complex. A vector Is defined as a replicable nucleic acid construct. Vectors are used 
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to mediate expression of the Hp-Hb complex. An expression vector Is a replicable 
DNA construct in which a nucl ic acid sequence encoding th pr determined Hp-Hb 
complex, or any functional equivalent thereof that can be expressed in vivo, is oper- 
ably linked to suitable control sequences capable of effecting the expression of the 
5 variant, or equivalent In a suitable host. Such control sequences are well known In 
the art. 

A DNA sequence encoding the various parts of the Hp-Hb complex Is meaning a 
DNA sequence encoding the haptoglobin part and a DNA sequence encoding the 
10 haemoglobin part. In another embodiment the DNA sequence may be one sequence 
encoding one peptide sequence which post-translationally is cleaved into the hapto- 
globin part and the haemoglobin part. In yet another embodiment one peptide con- 
stituting both parts is not cleaved, but due to post-translationally folding and/or proc- 
essing functions as the complex. 

15 

Accordingly, one aspect of the invention relates to a DNA sequence encoding a Hp- 
Hb complex as defined above, the DNA sequence may be a genomic DNA se- 
quence, a cDNA sequence or a mixture of a genomic and a cDNA sequence. 

20 Furthermore, the invention relates to a vector comprising the DNA sequence, as well 
as to a ceil comprising said vector, said cell being capable of expressing the DNA 
sequence, either as a Hp-Hb complex released into the cell culturlng media, or a 
Hp-Hb complex anchored to the cell membrane. 

25 Cultures of ceils may be derived from prokaryotic and eukaryotfc cells. In principle, 
any higher eukaryotic cell culture Is workable, whether from vertebrate or inverte- 
brate culture but human cells are preferred. Examples of useful host cell lines E.coli, 
yeast, or human ceil lines. Preferred host cells are eukaryotic cells known to synthe- 
size endogenous haptoglobin and/or haemoglobin. Cultures of such host cells may 

30 be isolated and used as a source of the variant, or used in therapeutic methods of 
treatment, including therapeutic methods aimed at diagnostic methods carried out 
on the human or animal body. 

In order to increase the binding affinity the Hp-Hb complex or part thereof or mimic 
35 .thereof is preferably dimeric. In a more preferred embodiment the the Hp-Hb corn- 
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pi x or a part thereof or a mlmtc th r of is multirnerlc. Dimeric and multtmeric relates 
to the numb r of haptoglobin monomers. The haemoglobin may be monomeric or 
dimerle for each haptoglobin chainThere is a correlation between the type of mul- 
tirnerlc forms of the Hp-Hb complex and the degree of binding to a CD163 receptor 
5 or a CD163 variant of the Invention. A mufflmeric form of a Hp-Hb complex will due 
to its size have an increased exposure of encountering CD163 variants as when 
compared to a monomelic, or even a dimeric form, and thus an Increased functional 
affinity to CD163 variants is observed. Furthermore, the muHlmeric form of the com- 
plex may bind to more than one receptor on the CD163 presenting cell leading to 
1 0 increased avidity of the binding. 

The multlmers may be created by a common linker moiety, such as S-S bridges as 
in the naturally occurring haptoglobin. The common linker moiety, Is preferably lo- 
cated so that complex-forming with haemoglobin Is not disturbed. It is preferred that 
1 5 the common linker moiety is located in the light chain of haptoglobin. 

According to the Invention the Hp-Hb complex, or a part thereof being operably 
linked to a substance as described above may be for the use as a medicament. 
Such medicament may operate through a method, wherein the Hp-Hb complex or a 
20 part thereof is used fn a method of treatment of an Individual, comprising the steps 
of; 



i) providing a Hp-Hb complex, or a part thereof or a mimic thereof capable of 
binding to the CD163 receptor and/or the CD163 variant, 

25 

ii) operably linking a substance as defined above to the Hp-Hb complex or a 
part thereof or mimic thereof, 

iii) administering the medicament comprising the substance operably linked to 
30 the Hp-Hb complex to an Individual in need thereof. 



The term operably linked means that the substance is coupled or bound to the com- 
plex in a manner so that the substance Is transported to the cell presenting a CD163 
receptor or a CD163 variant, whereafter the substance may be released from the 
35 complex if appropriate. 
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Due to the binding of the complex or fragment or mimic thereof to the CD163 re- 
ceptor and/or a CD163 variant th substance comprised in or bound to the Hp-Hb 
complex Is either taken up by the CD163 presenting cells or at least located In the 
environment close to the cells. Thereby it is possible to concentrate the substance In 
5 or around the cell presenting the CD163 receptor A test for analysing optional up- 
take Is described below in Example 4. 

In one embodiment of the Invention the Hp-Hb complex, or a part thereof may be 
operably linked to a substance, such as a medicament, a gene, a vesicle, vector or 
10 the like. 

The medicament may be any medicament for which it is desirable to target the drug 
to a particular tissue or particular cells, fn particular the medicament is an antimicro- 
bial agent or a cancer drug. 

15 

The medicament is preferably a medicament against diseases in relation to mono- 
cytes, such as macrophages. In particular the invention relates to a complex being 
operably linked to a anti-HIV drug. 

20 In another embodiment the substance Is a medicament against lymphomas, such as 
histiocytic lymphomas. 

In yet another embodiment the substance may stimulate the macrophages to pro- 
duce interieukin 6. 

25 

In a further embodiment the substance Is an antigen for vaccine purposes. 

In another embodiment the substance of the Hp-Hb complex, or a functional 
equivalent thereof comprises a gene, i.e. a gene construct. The gene may be any 
30 gene encoding a particular biological function. For example the gene may comprise 
a nucleic acid, such as PNA, LNA, DNA or RNA, or the gene may comprise cDNA. 
The Hp-Hb complex comprising a gene may be used in gene-delivery therapy, 
whereby the gene is taken up by the cell presenting the CD163 receptor or a variant 
thereof. 

35 
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Hi constructs can be Introduced as one or more DNA molecules or constructs. Th 
constructs are prepared in conventional ways, where th genes and regulatory re- 
gions may be isolated, as appropriate, ligated, cloned in an appropriate cloning host, 
analyzed by restriction or sequencing, or other convenient means. Using PCR ( indi- 
5 vidua! fragments including all or portions of a functional unit may be isolated, where 
one or more mutations may be introduced using "primer repair", ligation, In vitro 
mutagenesis, etc. as appropriate. The construct(s) once completed and demon- 
strated to have the appropriate sequences may then be introduced into host cells by 
any convenient means, as discussed In more detail below. 

10 

The constructs may be introduced as a single DNA molecule encoding all of the 
genes, or different DNA molecules having one or more genes. The constructs may 
be Introduced simultaneously or consecutively, each with the same or different 
markers. 

15 

The gene may be linked to the complex as such or protected by any suitable system 
normally used for transfection such as viral vectors or artificial viral envelope, lipo- 
somes or micellas, wherein the system is linked to the complex. 

20 Numerous techniques for introducing DNA into eukaryotic cells are known to the 
skilled artisan. Often this is done by means of vectors, and often in the form of nu- 
cleic acid encapsidated by a (frequently virus-like) proteinaceous coat. Gene deliv- 
ery systems may be applied to a wide range of clinical as well as experimental ap- 
plications. 

25 

Vectors containing useful elements such as selectable and/or ampliflable markers, 
promoter/enhancer elements for expression in mammalian, particularly human, 
cells, and which may be used to prepare stocks of construct DNAs and for carrying 
out transfections are well known In the art. Many are commercially available. 

30 

Various techniques have been developed for modification of target tissue and cells 
in vivo. A number of virus vectors, discussed below, are known which allow trans- 
fection and random integration of the virus into the host. See, for example, Duben- 
sky et al. (1984) Proc. Natl. Acad. Scl. USA 61:7529-7533; Kaneda et aL, (1989) 
35 Science 243:375-378; Hiebert et al. (1989) Proc. Natl. Acad. Sci. USA 86:3594- 
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3598; Hatzoglu et al., (1990) J. Biol. Chem. 265:17285-17293; Ferry et al. (1991) 
Proc. Natl. Acad. ScL USA 88:8377-8381 . Routes and modes of administering the 
vector include injection e.g Intravascular!/ or intramuscularly, inhalation, or other 
parenteral administration. 

5 

Advantages of adenovirus vectors for human gene therapy Include the fact that re- 
combination is rare, no human malignancies are known to be associated with such 
viruses, the adenovirus genome Is double stranded DNA which can be manipulated 
to accept foreign genes of up to 7.5 kb in size, and live adenovirus is a safe human 
10 vaccine organisms. 

Another vector which can express the DNA molecule of the present invention, and 
is useful in gene therapy, particularly in humans, is vaccinia virus, which can be ren- 
dered non-replicating (US. Pat. Nos. 5,225,336; 5,204,243; 5,155,020; 4.769.330). 

15 

Based on the concept of viral mimicry, artificial viral envelopes (AVE) are designed 
based on the structure and composition of a viral membrane, such as HIV-1 or RSV 
and used to deliver genes into cells in vitro and in vivo. See, for example, U.S. Pat. 
No. 5,252,348. Schrefer H. et al., J, Mol. Recognit, 1995, 8:59-62; Schreler H et al., 

20 J. Biol. Chem.. 1994, 269:9090-9098; Schreier, H., Pharm. Acta Helv. 1994, 68:145- 
159; Chander, R et al. Life Sri., 1992, 50:481-489, which references are hereby 
incorporated by reference In their entirety. The envelope Is preferably produced in a 
two-step dialysis procedure where the "naked" envelope Is formed initially, followed 
by unidirectional insertion of the viral surface glycoprotein of interest. This process 

25 and the physical characteristics of the resulting AVE are described in detail by 

Chander et al., (supra). Examples of AVE systems are (a) an AVE containing the 
HIV-1 surface glycoprotein gp160 (Chander et al., supra; Schreier et al., 1995, su- 
pra) orglycosyi phosphatidylinosrtol (GPI)-linked gp120 (Schreier et al., 1994, su- 
pra), respectively, and (b) an AVE containing the respiratory syncytial virus (RSV) 

30 attachment (G) and fusion (F) glycoproteins (Stecenko, A. A. et al., Pharm. Pharma- 
col. Lett. 1:127-129 (1992)). Thus, vesicles are constructed which mimic the natural 
membranes of enveloped viruses in their ability to bind to and deliver materials to 
cells bearing corresponding surface receptors. 

35 AVEs are used to deliver genes both by intravenous injection and by instillation in 
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the lungs. For example, AVEs are manufactured t mimic RSV, exhibiting the RSV F 
surface glycoprotein which provid s sel ctive entry int epithelial cells. F-AVE are 
loaded with a plasmid coding for the gene of interest, (or a reporter gene such as 
CAT not present in mammalian tissue). 

5 

The AVE system described herein in physically and chemically essentially identical 
to the natural virus yet is entirely "artificial" as it is constructed from phospholipids, 
cholesterol, and recombinant viral surface glycoproteins. Hence, there Is no carry- 
over of viral genetic Information and no danger of inadvertant viral infection. Con- 
1 0 struction of the AVEs in two independent steps allows for bulk production of the 

plain lipid envelopes which, in a separate second step, can then be marked with the 
desired viral glycoprotein, also allowing for the preparation of protein cocktail for- 
mulations if desired. 

15 Another delivery vehicle for use in the present invention are based on the recent 

description of attenuated Shigella as a DNA delivery system (Sizemore, D. R. et al.. 
Science 270:299-302 (1995), which reference is Incorporated by reference in its 
entirety). This approach exploits the ability of Shigellae to enter epithelial cells and 
escape the phagocytic vacuole as a method for delivering the gene construct into 

20 the cytoplasm of the target cell. Invasion with as few as one to five bacteria can re- 
sult in expression of the foreign plasmid DNA delivered by these bacteria. 

A preferred type of mediator of nonviral transfection in vitro and in vivo Is cationlc 
(ammonium derlvatized) lipids. These positively charged lipids form complexes with 

25 negatively charged DNA, resulting in DNA charged neutralization and compaction. 

The complexes endocytosed upon association with the cell membrane, and the DNA 
somehow escapes the endosome, gaining access to the cytoplasm. Cationlc 
lipid: DNA complexes appear highly stable under normal conditions. Studies of the 
cationlc lipid DOTAP suggest the complex dissociates when the inner layer of the 

30 cell membrane is destabilized and anionic lipids from the Inner layer displace DNA 
from the cationic lipid. Several cationic lipids are available commercially. Two of 
these, DMRI and DC-cholesterol, have been used in human clinical trials. First gen- 
eration cationlc lipids are less efficient than viral vectors. For delivery to lung, any 
Inflammatory responses accompanying the liposome administration are reduced by 

35 changing the delivery mode to aerosol administration which distributes the dose 
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more ©verily. 

The gene may be any gene appropriately expressed by the CD163 presenting cells. 
In one embodiment the gene may be a gene for CD163 as a gene therapy for Indl- 
5 vlduals having reduced CD-163 expression. 

In another embodiment the gene encodes an antigen for as a gene vaccination. In 
any situation it may be an advantage that macrophages do not multiply whereby this 
kind of gene therapy Is an appropriate form of temporary gene therapy. 

10 

The gene therapy approach can be utilized in a site specific manner to deliver a ret- 
roviral vector to the tissue or organ of choice. Thus, for example, a catheter delivery 
system can be used (Nabel, E. G. et a!., Science 244:1342 (1989)). Such methods, 
using either a retroviral vector or a liposome vector, is particularly useful to deliver 
15 the gene to a blood vessel wall. 

Other virus vectors may also be used, In particular for human gene therapy, includ- 
ing recombinant adenovirus vectors. 

20 A nontoxic and efficient method has recently been reported based on the Sendai 
virus, also known as hemagglutinating virus of Japan (HVJ). HVJ-Ilposome- 
mediated gene transfer is performed Morishita R et al., Hypertension (1993) 21:894- 
89. 

25 Further, the substance of the Hp-Hb complex, or a part thereof may also comprise a 
tracer or a marker, such as chromophores, fluorphores, biotin, Isotopes, enzymes, 
for identifying the cells presenting the CD 163 receptor or a variant thereof Thereby 
Hp-Hb complex may be used for diagnostic purposes as well. 

30 In one embodiment the Hp-Hb complex or fragment thereof or mimic thereof being 
operably linked to a substance Is capable of binding a CD163 variant only, in order 
to avoid binding to the naturally occurring CD163 receptor on macrophages. 
Thereby it is possible to direct a substance to a subgroup of cells presenting the 
CD163 variant only. 

35 



11/01 * 01 TOR 09:35 [AF/MT-NR 6956] @025 



41 FAX +45 33320384 



HOIBEKG APS 



- PATENT- OG VAREMA ®026 



P 472 DK01 

24 

It Is another object of the present invention to use a CD 163 molecule as a medica- 
ment. Us of a CD163 molecule in th manufacture of a medicament for treatment 
of haemolysis in an individual in need of such treatment There are a number of ap- 
plication fields, wherein one Is the use of a CD163 molecule for the removal of at 
least one Hp-Hb complex in serum and/or plasma of an individual. A second appli- 
cation is the use of a CD163 molecule for the determination of the haemolysis rate 
of an Individual. Further, the use of at least one complex comprising haemoglobin 
and haptoglobin as a marker for a cell, such as a macrophage expressing a CD163 
molecule, wherein at least one of the haemoglobin or haptoglobin molecules are 
labelled is yet another application area. 

According to the invention the term "CD163 variant" is meant to include functional 
equivalents of CD163, or a fragment of CD163, said CD163 comprising a predeter- 
mined amino acid sequence. A "variant" is defined as; 

iv) variants comprising an amino add sequence capable of being recognised by 
an antibody also capable of recognising the predetermined amino acid se- 
quence, and/or 

v) variants comprising an amino acid sequence capable of binding to a Hp-Hb 
complex also capable of binding the predetermined amino acid sequence, 
and/or 

vi) variants having at least a substantially similar binding affinity to at least one 
Hp-Hb complex as said predetermined amino acid sequence. 

By the term "predetermined amino acid sequence" Is meant any of the amino acid 
sequences depicted in Figure 5a and 5b, I.e. any of the sequences for CD163 hav- 
ing the following sequence identification In sequence database trEMBL: 

trIQ07896|Q07898 
tr|Q07901|Q07901 
tr|Q07900|Q07900 
tr|Q07699|Q07899 
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"Functional equivalency" as used in the present invention fs according to one pre- 
ferred embodim nt established by means of reference to the corresponding func- 
tionality of a predetermined CD163 fragment. 

5 According to the present invention a functional equivalent of a CD163 variant or 
fragments thereof may be obtained by addition, substitution or deletion of at least 
one amino acid* When the amino acid sequence comprises a substitution of one 
amino acid for another, such a substitution may be a conservative amino acid sub- 
stitution. Fragments of CD163 according to the present invention may comprise 

10 more than one such substitution, such as e.g. two conservative amino acid substitu- 
tions, for example three or four conservative amino acid substitutions, such as five 
or six conservative amino acid substitutions, for example seven or eight conserva- 
tive amino acid substitutions, such as from 10 to 15 conservative amino acid sub- 
stitutions, for example from 15 to 25 conservative amino acid substitution. Substitu- 

15 tions can be made within any one or more groups of predetermined amino acids. 

Examples of fragments comprising one or more conservative amino acid substitu- 
tions Including one or more conservative amino acid substitutions within the same 
group of predetermined amino acids, or a plurality of conservative amino acid sub- 
20 stttutlons, wherein each conservative substitution is generated by substitution within 
a different group of predetermined amino acids. 

One naturally occurring CD163 variant is the soluble CD163, that may be full length 
or truncated, such as shortened with the cytoplasmic tail and/or transmembrane 
25 segment 

Accordingly, variant of CD163, or fragments thereof according to the invention may 
comprise, within the same variant of CD163, or fragments thereof, at least one sub- 
stitution, such as a plurality of substitutions Introduced independently of one an- 

30 other. Variants of CD 163, or fragments thereof may thus comprise conservative 
substitutions Independently of one another, wherein at least one glycine (Gly) of said 
variants of CD163, or fragments thereof of CD163 is substituted with an amino acid 
selected from the group of amino acids consisting of Ala, Val, Leu. and He, and in- 
dependently thereof, variant of CD163, or fragments thereof, wherein at least one of 

35 said alanines (Ala) of said variant of CD 163, or fragments thereof is substituted with 
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an amln add selected from the group of amino acids consisting of Gly, Val, Leu, 
and He, and independently thereof, variant of CD163, or fragments thereof, wherein 
at least one valine (Val) of said variant of CD163, or fragments thereof is substituted 
with an amino add selected from the group of amino adds consisting of Gly, Ala, 
5 Leu, and He, and independently thereof, variants of CD163, or fragments thereof, 
wherein at least one of said leucines (Leu) of said variant of CD163, or fragments 
thereof is substituted with an amino acid selected from the group of amino acids 
consisting of Gly. Ala, Val, and lie, and independently thereof, variants of CD163, or 
fragments thereof, wherein at least one isoleucine (lie) of said variants of CD163, or 

10 fragments thereof is substituted with an amino acid selected from the group of 
amino adds consisting of Gly, Ala, Val and Leu, and independently thereof, variants 
of CD163, or fragments thereof wherein at least one of said aspartic acids (Asp) of 
said variants of CD163, or fragments thereof is substituted with an amino acid se- 
lected from the group of amino acids consisting of Glu, Asn, and Gin, and independ- 

15 ently thereof, variants of CD 163, or fragments thereof, wherein at least one of said 
phenylalanines (Phe) of said variants of CD163, or fragments thereof is substituted 
with an amino add selected from the group of amino acids consisting of Tyr, Trp, 
His, Pro, and preferably selected from the group of amino acids consisting of Tyr 
and Trp, and independently thereof, variants of CD 163, or fragments thereof, 

20 wherein at least one of said tyrosines (Tyr) of said variants of CD 163, or fragments 
thereof of CD163 is substituted with an amino acid selected from the group of amino 
acids consisting of Phe, Trp, His, Pro, preferably an amino acid selected from the 
group of amino acids consisting of Phe and Trp, and independently thereof, variants 
of CD 163, or fragments thereof, wherein at least one of said arglnines (Arg) of said 

25 fragment of CD163 is substituted with an amino acid selected from the group of 
amino acids consisting of Lys and His, and independently thereof, variants of 
CD163, or fragments thereof, wherein at least one lysine (Lys) of safd variants of 
CD163, or fragments thereof is substituted with an amino acid selected from the 
group of amino acids consisting of Arg and His, and Independently thereof, variants 

30 of CD163, or fragments thereof, wherein at least one of said aspargines (Asn) of 
said variants of CD163, or fragments thereof is substituted with an amino acid se- 
lected from the group of amino acids consisting of Asp, Glu, and Gin, and independ- 
ently thereof, variants of CD163, or fragments thereof, wherein at least one gluta- 
mrne (Gin) of said variants of CD 163, or fragments thereof Is substituted with an 

35 amino acid selected from the group of amino acids consisting of Asp, Glu, and Asn, 
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and independently thereof, variants of CD163, or fragments thereof, wherein at least 
one proline (Pro) of said variants of CD163, or fragments thereof is substituted with 
an amino acid selected from the group of amino acld9 consisting of Phe. Tyr, Trp, 
and His, and independently thereof, variants of CD163, or fragments thereof, 
5 wherein at least one of said cysteines (Cys) of said variants of CD163, or fragments 
thereof Is substituted with an amino acid selected from the group of amino acids 
consisting of Asp, GIu, Lys ( Arg. His, Asn, Gin, Ser ( Thr, and Tyr. 

It is clear from the above outline that the same variant or fragment thereof may 
10 comprise more than one conservative amino acid substitution from more than one 
group of conservative amino acids as defined herein above. 

Conservative substitutions may be introduced in any position of a preferred prede- 
termined CD 163 variant of fragment thereof It may however also be desirable to 
15 introduce non-conservative substitutions, particularly, but not limited to, a non- 
conservative substitution in any one or more positions. 

A non-conservative substitution leading to the formation of a functionally equivalent 
fragment of CD163 would for example i) differ substantially in hydrophobicity, for 

20 example a hydrophobic residue (Val, lie, Leu, Phe or Met) substituted for a hydro- 
philic residue such as Arg, Lys, Trp or Asn, or a hydrophilic residue such as Thr, 
Ser, His, Gin, Asn, Lys, Asp, GIu or Trp substituted for a hydrophobic residue; 
and/or ii) differ substantially in its effect on polypeptide backbone orientation such as 
substitution of or for Pro or Gly by another residue; and/or iii) differ substantially in 

25 electric charge, for example substitution of a negatively charged residue such as GIu 
or Asp for a positively charged residue such as Lys, His or Arg (and vice versa); 
and/or iv) differ substantially In steric bulk, for example substitution of a bulky resi- 
due such as His, Trp, Phe or Tyr for one having a minor side chain, e.g. Ala, Gly or 
Ser (and vice versa). 

30 

Substitution of amino acids may in one embodiment be made based upon their hy- 
drophobicity and hydrophilicfty values and the relative similarity of the amino acid 
side-chain suhstituents, including charge, size, and the like. Exemplary amino acid 
substitutions which take various of the foregoing characteristics into consideration 
35 are well known to those of skill in the art and include: arginine and lysine; gfutamate 
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and aspartate; serine and threonine; glutamine and asparagrne; and valine, leucine 
and Isoteuclne. 

The addition or deletion of an amino acid may be an addition or deletion of from 2 to 
5 preferably 10 amino acids, such as from 2 to 8 amino acids, for example from 2 to 6 
amino acids, such as from 2 to 4 amino acids. However, additions of more than 10 
amino acids, such as additions from 10 to 200 amino acids, are also comprised 
within the present invention. 

It will thus be understood that the invention concerns CD163 variants comprising at 
10 least one fragment of CD163 capable of binding at least one Hp-Hb complex, In- 
cluding any variants and functional equivalents of such at least one fragment. 

The CD1B3 variant according to the present Invention, including any functional 
equivalents and fragments thereof, may in one embodiment comprise less than 

15 1000 amino acid residues, such as less than 950 amino acid resfdues, for example 
less than 900 amino acid residues, such as (ess than 850 amino acid residues, for 
example less than 800 amino acid residues, such as lees than 750 amino acid resi- 
dues, for example less than 700 amino acid residues, such as less than 650 amino 
acid residues, for example less than 600 amino acid residues, such as less than 550 

20 amino acid residues, for example (ess than 500 amino acid residues, such as less 
than 450 amino acid residues, for example less than 400 amino acid residues, such 
as less than 380 amino acid residues, for example less than 370 amino acid resi- 
dues, such as less than 360 amino add residues, for example less than 350 amino 
acid residues, such as less than 340 amino acid residues, for example less than 330 

25 amino acid residues, such as less than 320 amino acid residues, for example less 
than 310 amino acid resfdues, such as about 300 amino acid residues, for example 
less than 300 amino add residues, such as about 290 amino acid residues, for ex- 
ample 290 amino acid residues. 

30 A fragment comprising the Hp-Hb binding region of native CD163 Is particularly 
preferred. However, the Invention Is not limited to fragments comprising the Hp-Hb 
binding region. Deletions of such fragments generating functionally equivalent frag- 
ments of CD163 comprising less than the Hp-Hb binding region are also comprised 
in the present invention. Functionally equivalent CD163 peptides, and fragments 
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thereof according to th present invention, may comprise less or mor amino add 
residues than the Hp-Hb binding region. 

Fragments comprising the Hp-Hb binding region preferably comprises the SRCR 
5 domains 1-iX of the CD 163 receptor, such as capable of binding to a region in the 
SRCR domains I -VI It of the CD163 receptor, capable of binding to a region in the 
SRCR domains i-VIl of the CD163 receptor, capable of binding to a region in the 
SRCR domains l-VI of the CD163 receptor, capable of binding to a region in the 
SRCR domains l-V of the CD163 receptor, capable of binding to a region in the 
10 SRCR domains l-IV of the CD163 receptor, capable of binding to a region In the 
SRCR domains t-lll of the CD163 receptor, capable of binding to a region in the 
SRCR domains I— 11 of the CD 163 receptor, or a variant thereof. 

Functional equivalents of variants of CD163 will be understood to exhibit amino acid 
15 sequences gradually differing from the preferred predetermined sequence, as the 
number and scope of insertions, deletions and substitutions Including conservative 
substitutions Increases. This difference Is measured as a reduction in homology 
and/or identify between the preferred predetermined sequence and the fragment or 
functional equivalent. 

20 

All fragments or functional equivalents of CD163 variants are included within the 
scope of this Invention, regardless of the degree of homology that they show to a 
preferred predetermined sequence of CD163 variants. The reason for this is that 
some regions of CD163 are most likely readily mutatable, or capable of being com- 
25 pletely deleted, without any significant effect on the binding activity of the resulting 
fragment. 

A functional variant obtained by substitution may well exhibit some form or degree of 
native CD163 activity, and yet be less homologous, if residues containing function- 
30 ally similar amino acid side chains are substituted. Functionally similar In this re- 
spect refers to dominant characteristics of the side chains such as hydrophobic, 
basic, neutral or acidic, or the presence or absence of sterlc bulk. Accordingly, In 
one embodiment of the Invention, the degree of identity between i) a given CD163 
fragment capable of effect and ii) a preferred predetermined fragment, is not a prfn- 
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cipal measure of the fragment as a variant or functional equivalent of a preferred 
predetermined CD163 fragment according to the present Invention. 

Fragments sharing at least some homology with a preferred predetermined CD183 
5 fragment of at 50 amino acids, preferably at teast 100 amino acids, are to be con- 
sidered as falling within the scope of the present invention when they are at least 
about 40 percent homologous with the predetermined CD163 variant or fragment 
thereof, such as at least about 50 percent homologous, for example at least about 
60 percent homologous, such as at least about 70 percent homologous, for example 

10 at least about 75 percent homologous, such as at least about 80 percent homolo- 
gous, for example at least about 85 percent homologous, such as at least about 90 
percent homologous, for example at least 92 percent homologous, such as at least 
94 percent homologous, for example at least 95 percent homologous, such as at 
least 96 percent homologous, for example at least 97 percent homologous, such as 

15 at least 98 percent homologous, for example at least 99 percent homologous ho- 
mologous with the predetermined CD163 fragment In a preferred embodiment the 
percentages mentioned above also relates to identify percentages. 

In addition to the variants described herein, sterically similar variants may be for- 
20 mulated to mimic the key portions of the variant structure and that such compounds 
may also be used in the same manner as the variants of the Invention. This may be 
achieved by techniques of modelling and chemical designing known to those of skill 
in the art. It will be understood that all such sterically similar constructs fall within the 
scope of the present invention. 

25 

In one embodiment the CD163 variant is syntheslsed by automated synthesis. Any 
of the commercially available solid-phase techniques may be employed, such as the 
Merrifield solid phase synthesis method, in which amino adds are sequentially 
added to a growing amino add chain. Equipment for automated synthesis of poly- 

30 peptides Is commercially available from suppliers such as Applied Biosystems, Inc. 
of Foster City, Calif., and may generally be operated according to the manufac- 
turer's instructions. Solid phase synthesis will enable the incorporation of desirable 
amino acid substitutions into any CD163 variant according to the present invention. 
It will be understood that substitutions, deletions, insertions or any subcombination 

35 thereof may be combined to arrive at a final sequence of a functional equivalent. 
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Insertions shall be understood to include amino-termlnal and/or carboxyl-termlnal 
fusions, e.g. with a hydrophobic or Immunogenic protein or a carrier such as any 
polypeptide or scaffold structure capable as serving as a carrier. 

5 CD 163 variants according to the invention may be synthesised both in vitro and In 
vivo. Method for in vitro synthesis are well known. When synthesized in vivo, a host 
cell is transformed with vectors containing DNA encoding the CD163 variant. A 
vector is defined as a replicabie nucleic acid construct. Vectors are used to mediate 
expression of the CD 163 variant. An expression vector is a replicabie DNA construct 
10 In which a nucleic acid sequence encoding the predetermined CD1 63 variant, or any 
functional equivalent thereof that can be expressed in vivo, is operably linked to 
suitable control sequences capable of effecting the expression of the variant, or 
equivalent in a suitable host. Such control sequences are well known in the art. 

15 Accordingly, one aspect of the invention relates to a DNA sequence encoding a 
CD163 variant as defined above, the DNA sequence may be a genomic DNA se- 
quence, a cDNA sequence or a mixture of a genomic and a cDNA sequence. 

Furthermore, the invention relates to a vector comprising the DNA sequence, as well 
20 as to a cell comprising said vector, said cell being capable of expressing the DNA 
sequence, either as a CD163 variant released into the eel) cuituring media, or a 
CD163 variant anchored to the ceil membrane. 

Cultures of ceils derived from multicellular organisms represent preferred host cells. 

25 In principle, any higher eukaryotic cell culture is workable, whether from vertebrate 
or invertebrate culture. Examples of useful host ceil lines are E-coli, yeast or human 
ceil lines. Preferred host cells are eukaryotic cells known to synthesize endogenous 
CD163. Cultures of such host ceils may be Isolated and used as a source of the 
variant, or used in therapeutic methods of treatment, including therapeutic methods 

30 aimed at diagnostic methods carried out on the human or animal body. 

Multimers and dimers, including homodimers and heterodfmers of variants of CD163 
according to the invention, are also provided and fall under the scope of the inven- 
tion. CD163 functional equivalents and fragments can be produced as homodimers 
35 or heterodlmers with other amino add sequences or with native CD163 sequences. 
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Heterodimers include dim era containing a CD163 variant binding at least ne Hp-Hb 
complex when present In a homodimer, and a CD163 fragment that need not have 
or exert any biologically activity. 

5 The binding affinity of the CD163 variant of the Invention and a dimeilc Hp-Hb com- 
plex preferably has a kD value of between 10-100 nM, such as between 20-80 nM, 
for example between 40-60 nM, such as between 45-55 nM. 

The CD163 variant of the Invention preferably has a Kd binding affinity for a mul- 
1 0 timeric Hp-Hb complex of the invention of between 2-1 0 nM. 

A dimerlc Hp-Hb complex preferably has a binding affinity to two CD163 receptors 
on a cell in the range of from 0.05 to 1 .0 nM. 

15 The binding affinity may be determined as discussed in Example 2 and 3 below. 

One aspect of the invention relates to a composition comprising at feast one purified 
CD163 receptor and/or at least one purified CD163 receptor variant as defined 
above. 

20 

Another aspect of the invention relates to a composition comprising a Hp-Hb com- 
plex or a part thereof or a mimic thereof as defined above. 

The com position (s) Is(are) particularly useful in the manufacture of a medicament for 
25 any of the uses discussed below. 

The medicament is preferably suitable for parenteral administration, such as intra- 
venous, Intramuscular, subcutaneous, or intravenous administration. Thus, the me- 
dicament may further comprise any suitable carriers, adjuvants, and/or additives 
30 conventionally used for the preparation of medicaments, in particular medicaments 
for parenteral administration. Another suitable administration route is via Inhalation. 

The present invention further relates to the following applications of Hp-Hb com- 
plexes and/or a variant thereof. One such use Is In the manufacture of a rnedica- 
35 ment for treatment of conditions related to haemolysis in an individual in need of 
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such treatment. Another such use of at least one CD163 or a variant thereof is for 
the removal of at least one Hp-Hb complex In serum and/or plasma of an individual. 
The Invention may also be used for the determination of the haemolysis rate of an 
Individual. This may be done by determining the level of the binding activity between 
5 the CD163 variant and the Hp-Hb complexes, as an Indication of the rate with which 
red blood cells are fysed. 

The invention also relates to the use of at least one CD163 molecule for the Identifi- 
cation of at least one Hp-Hb complex in serum and/or plasma of an individual. 

10 In yet another aspect the invention relates to the uses of at least one complex com- 
prising haemoglobin and haptoglobin* For example the complex may be used as a 
marker for a cell expressing CD163 or a CD163 variant, wherein at least one of the 
haemoglobin or haptoglobin molecules are labelled. Such cell may be a macro- 
phage. Another use is for the delivery of at least one drug/medicament or at least 

15 one gene to a cell to a cell expressing CD163 or a CD163 variant. The processes of 
drug and gene-delivery are mentioned above. 

The purpose of drug or gene delivery is to localize the drug to the target site. Such 
targeted delivery systems often take the form of injectables composed of liposomes 

20 and microspheres made of proteins. Polymeric systems share some of the advan- 
tages of liposomal systems such as altered pharmacokinetics and biodistribution. 
While liposomes might have better prospects of biocompatibility and potential for 
fusion with cells, polymeric microspheres have more controllable release kinetics, 
better stability in storage, and higher drug-loading levels for some classes of com- 

25 pounds. The delivery system Is targetted through a linkage to at feast one Hp-Hb 
complex capable of binding to CD163 or a variant thereof. 

The delivery may made In vivo or In vitro, the latter In particular being for experi- 
mental purposes. 

30 

In particular the drugs and genes delivered may be selected from the medicaments 
discussed above. 

The deliberate introduction of DNA encoding a desired gene, under conditions 
35 where the gene may be expressed within the cell and leads to the production of 
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RNA and/or protein, can be desirable In order to provoke any of a wide rang of 
useful biological responses. The Hp-Hb complex can cany heterologous genes un- 
der the control of promoters able to cause their expression In vectors. 
In another aspect of the Invention the gene therapy comprises introducing a nucleic 
5 acid sequence to up-regulate or down-regulate expression of a target gene in the 
host cell, either by means of a protein encoded by the introduced nucleic acid se- 
quence or by means of an anti-sense relation between RNA encoded by the intro- 
duced nucleic acid and a target nucleic acid molecule corresponding to an endoge- 
nous gene product. 

10 

It is a further object of the present invention that the CD163 or CD163 variant is ap- 
plied in a method comprising the treatment of haemolysis in an individual in need of 
such treatment. Lysis of red blood cells may occur in a number of physiological and 
pathological conditions. The release of haemoglobin to the plasma presents a serl- 
15 ous physiological threat. Administration of CD163 or the CD163 variant leads to a 
binding between the Hp-Hb complexes formed due the haemolysfs and CD163, 
whereby fewer Hp-Hb complexes are taken up by the macrophages leading to a 
less severe hemosiderosis. 

20 In another embodiment the same effect may be obtained by administrating antibod- 
ies directed to the CD163 receptor. The antibodies may be monoclonal, such as 
those mentioned below in the examples or polyclonal. Production of antibodies is 
known to the skilled person. 

25 In a further embodiment Hp-Hb complexes are administered to Inhibit uptake of na- 
tive Hp-Hb complexes again leading to a less severe hemosiderosis. 

In yet a further aspect of the Invention the CD163 variant is used In a method for the 
removal of at least one Hp-Hb complex In serum and/or plasma of an individual. 
30 Since the present inventors have now established CD 163 and CD163 variants as 
the acute phase-regulated capture protein for Hp-Hb complexes the CD163 variant 
may be applied to an Individual in need of plasma haemaglobin clearance. 
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This may also be accomplished by gene therapy, by administration of genes en- 
coding CD163 or a variant thereof, In order to produce cells capable of assisting the 
macrophages in case of plasma haemoglobin clearance. 

5 In another embodiment of the invention the CD 163 variant Is used in a diagnostic 
method. One such diagnostic method is for marking a cell expressing a CD163 van- 
ant, wherein at least one of the haemoglobin or haptoglobin molecules or parts 
thereof are labelled. It is possible to identify CD163 variants in vitro as well as in vA>o 
by bringing into contact at least one Hp-Hb complex with an environment comprising 
10 CD163 variants. The Individual haemoglobin or haptoglobin molecules may be la- 
belled with a marker as discussed above. In one aspect of the Invention the CD163 
variant is used in a diagnostic method for identifying monocytes and/or macro- 
phages in an individual or In vitro, 

15 In another aspect the CD163 variant Is used in a method for the identification of at 
least one Hp-Hb complex in serum and/or plasma of an Individual 

In this aspect the CD163 variant may be used for determination of the haemolysis 
rate of an individual. 

20 

Furthermore, the Hp-Hb complex linked to a marker may be used for identification of 
monocytes, such as macrophages, in tissues, such as sections of tissues for exam- 
ple for microscopic examinations. 

25 In another embodiment the Hp-Hb complex linked to a marker may be used for de- 
tection of CD163, either membrane bound CD163 and/or soluble CD 163. In par- 
ticular the Hp-Hb complex linked to a marker may be used for detection soluble CD 
163 in a sample, such as a blood sample. This could also be detection using la- 
belled Hp-Hb complex. The label could be a chromophore, a fluorochrome, a radio- 

30 active isotope, biotfn or an enzyme 

The invention also relates to the following applications of detection of soluble 
CD 163. CD163 may be detected by any of the methods described above In relation 
to Hp-Hb complex. Furthermore CD163 may be detected by any other method 
35 known to the person skilled in the art, such as through the use of antibodies, mono- 
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clonal and/or polyclonal, directed to CD163. This could also be detection using la- 
belled antibodies. The label could be a chromophore, a fluorocbrome, a radioactive 
isotope, blotln or an enzyme. 

5 Furthermore, CD163 may be detected using labelled Hemoglobin (Hb) and/or hap- 
toglobin, labelled as discussed above for antibodies. 

The detection of soluble CD163 may be used as tools in diagnosis, monitoring and 
control of patients. 

10 

For example, one use of soluble CD163 is as a diagnostic marker in diagnosis, 
monitoring, and control of patients with hemolysis and/or other hematological condi- 
tions (e.g. aplastic anemia, iron-deficiency anemia, megaloblastic anemia, sickle-cell 
anemia, polycytemia, malaria, leucemla, myelodysplasia, lymfoma, leukopenia, 
15 splenectomia). 

Another use of CD163 is as an acute phase marker, because soluble CD 163 is 
upregulated during acute phase response. Hence Soluble CD163 can be used In 
diagnosis, monitoring, and control of patients with inflammation (infection, cancer, 
20 autoimmunity) as well as in diagnosis, monitoring, and control of patients with Im- 
munodeficiency. 

Still another use is In monitoring, and control of patients treated with glucocorticoids 
and/or cytostatics and/or other medications. 

25 

The concentration of soluble CD163 may be determined using any suitable meth- 
ods. One of the following techniques are particularly suitable:. 

One assay could be Sandwich-ELISA and/or competitive-ELISA using a detection 
30 system, which could be peroxidase-labeled antibody/OPD system, other enzymes 
than peroxidase, chemilumlnlscense, fluorescense, biotfn-avldin-systems. 

Another assay could be nefelometrlc- or turbidimetric assays, radio-lmmuno-assays 
(RIA), purification of CD 163 by e.g. chromatography or electrophoresis and detec- 
35 tion by e.g. photometry, chromatography combined with mass-spectophotometry. 
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The CD163 concentration could be determined in serum and plasma, which could 
be stabilised with EDTA, citrate or heparin, as well as in blood, urine, cerebrospinal 
5 fluid, and other body-fluids of human and/or animal origin. Furthermore the assays 
can be used for measuring the concentration of CD163 In artificial media e.g. cell- 
culture-medla. 

Experimental 

10 

Example 1 

Purification and identification of the Hp-Hb receptor. 

15 Human Hp (1-1, 2-2, and mixed phenotypes) and human Hb (Ao, A 2 and S forms) 
were from Sigma. A five ml Hp-Hb Sepharose CL-4B (Pharmacia-Amersham) col- 
umn was prepared by coupling complexes of Hp (5 mg, mixed phenotypes) and Hb 
(4 mg, type Ao). The column was loaded with 100 ml -1% Triton X-100 soluhilised 
membranes (from human spleen, placenta, and liver), prepared as previously de- 

20 scribed (Moestrup, S. K., Kaltoft, K., Sottrup-Jensen, L. & Gllemann, J. The human 
cc^macroglobuHn receptor contains high affinity calcium binding sites important for 
receptor conformation and ligand recognition. J. Biol Chem. 265, 12623-12628 
(1990).. The purified 130 kDa protein binding Hp-Hb was eluted in 10 mM NaHaPO* 
(pH 6), 150 mM NaCI, 5 mM EDTA and 0.5% CHAPS (Aldrich). SDS-gel separated 

25 protein was processed for tryptic digestion and MALPI mass spectrometry by Pro- 
tana (Odense, Denmark). The difference in calculated and measured masses was 
for all peptides less than 0.042 kDa. The murine monoclonal CD163 antibodies 
EDHu-1 (Serotec) and GHI/61 (Research Diagnostics) were used for western blot- 
ting. A polyclonal CD163 antibody was raised by immunisation of a rabbit with li- 

30 gand-affinlty purified receptor. 
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Example 2 

Ligand-receptor binding analysis 

5 Surface plasmon resonance analysis was earned out as described Moestrup, S. K. 
0t al pz-glycoprotein-l (apoltpoprotein H) and Pr-glycoprotein-l- phospholipid com- 
plex harbor a recognition site for the endocytfc receptor megalin. J. Clin. Invest 102, 
902-909 (1998). Purified CD163 was Immobilised at the BIAcore sensor CMS chip 
(BIAcore AB) at a concentration of up to 50 ug/ml in 10 mM sodium acetate, pH 4.0, 

10 and the remaining binding sites were blocked with 1 M ethanolamlne pH 8.5. The 
surface plasmon resonance signal generated from Immobilised CD 163 corre- 
sponded to 55 - 66 fmol receptor/mm 2 . The sample and flow buffer was 10 mM 
Hepes, 150 mM NaCI, 0.5 mM CaCl*. pH 7 A. The sensor chips were regenerated 
with 1 .6 M glycine-HCl, pH 3. The binding assay for measuring binding of 125 l-Hp-Hb 

15 to human CD163 immobilised in microtiter plate wells (Nunc) was earned out as 
described Blm. H. et al. Characterization of an epithelial approximately 460-kDa 
protein that facilitates endocytosis of intrinsic factor-vitamin B12 and binds receptor- 
associated protein. J. Biol. Chem. 272, 26497-26504 (1997). 

The microtiter plates were coated at 4°C for 20 h with purified CD163 In 50 mM Na- 
20 HCO3 containing 250 ng CD163 per well (for binding 125 l-Hp(1-1)-Hb) or 125 ng 
CD163 per well (for binding 125 l-Hp(2-2)-Hb). lodination of Hp-Hb was performed 
with the chloramlne-T-method. Llgand blotting was carried out as described using 
10 s cpm radlollgand/ml (Moestrup, S. K. & Gliemann, J. Analysis of ligand recogni- 
tion by the purified a 2 -macroglobulin receptor (low density lipoprotein receptor- 
25 related protein). Evidence that high affinity of aa-macroglobulirvproteinase complex 
is achieved by binding to adjacent receptors. J. Biol. Chem. 266, 14011-14017 
(1991).a 

Hp Is syntheslsed as a single chain, which is post-translationally cleaved into an 
amino-terminal a chain and a carboxy-terminal p chain. The basic structure of Hp, 
30 as found In most mammals, is a homodimer (Fig. 2a), in which the two Hp molecules 
are linked by a single disulfide bond via their respective -9 kDa a chains 14 . In man, 
a variant with a long a chain is also present in all populations. This variant arose 
apparently by an early intragenic duplication, presumably originating from an une- 
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qual crossover of two basic alleles, resulting tn an Hp with an a chain of -14 kDa. 
The short and long a chains are designated as <x1 and a 2 , respectively. Since the 
cysteine forming the intermolecular disulfide bond between the a chains is also du- 
plicated, humans carrying the long variant allele exhibit a multimeric Hp phenotype 
5 (Fig. 2a). 

Analysis of the binding of Hp-Hb complexes (Fig. 2a) to immobilised CD163 re- 
vealed a high-affinity binding of both dimerlc and multimeric Hp-Hb complexes (Fig. 
2b and c). Fig. 2b shows a surface plasmon resonance analysis of CD163 binding 

10 of the dimeric Hp(1-1)-Hb complex and the multimeric Hp(2-2)-Hb complex. No 
binding of non-com plexed Hb (Fig. 2b, left panel) nor Hp(1-1) or Hp(2-2) (Fig 2b, 
middle and right panels) was detected thus indicating that a neoepitope for receptor 
binding is expressed in the Hp-Hb complex. Accordingly, maximal receptor binding 
was measured, when the Hb binding capacity of Hp reached saturation {Fig. 2b, 

15 middle and right panels) at equimolar concentrations of Hb and Hp, The Hp(2-2)-Hb 
complex yielded a higher response and the dissociation was slower as compared to 
the Hp(1-1)-Hb complex. The results shown were obtained using the Ao (cc2p2) form 
of Hb. Similar results were obtained using the A2 (a252) * or m or the S form (Hb with 
the mutation for sickle cell disease) 15 (data not shown). 

20 

Example 3 
Binding affinity 

25 A solid phase assay with immobilised CD 163 in mlcrotiter wells was used for various 
inhibition experiments (Fig. 6c). This analysis revealed that the removal of Ca 2 * with 
EDTA or the addition of polyclonal anti-CD163 IgG completely abolished the binding 
of Hp-Hb to CD163. Measuring the true affinity of the one-site interaction of Hp-Hb 
binding to CD183 was hampered by the suggested divalency (Hp(1-1)) and multi- 

30 valency (Hp(2-2)) of the llgand in terms of receptor-recognition sites. However, 
competition for CD163-binding of 125 I-labelled Hp-Hb by unlabeled Hp(1-1)-Hb and 
Hp(2-2)-Hb complexes showed, as anticipated from the surface plasmon resonance 
experiments, an -10 fold higher functional affinity (avidity) of the multimeric Hp(2- 
2)~Hb complexes (Fig. 6c). The concentration of unlabelled Hp(1-1>Hb complex 
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causing 50% Inhibition of the binding of 125 l-labeiled Hp(1-1)-Hb was -0.3 pg/ml, 
giving an 'apparent Kd' of "-2 nM of the dimeric Hp(1-1)-Hb complex. In contrast, the 
50% inhibition point for Hp(2-2)-Hb was at ~0.1 pg/ml giving an 'apparent K^' of -0.2 
nM (on assumption of the 2-2 muttimer distribution previously calculated Wejman, J. 
5 C M Hovsepian, D., Wall, J. Hainfeld, J. F. & Greer. J. Structure and assembly of 
haptoglobin polymers by electron microscopy. J. Moi Biol. 174, 343-368 (1984).). 
The higher functional affinity of the 2-2 type complex is probably accounted for by its 
higher valency. Similar 'bonus effect of multivalency' is well known in other biological 
systems, e.g. the binding of the pentamerlc IgM molecule to several identical sur- 
10 face antigens. 

Example 4 

Endocytosis analysis In CD163-transfected CHO cells and in SU-DHL cells 

15 

The cDNA encoding the most abundant variant of CD163 (Genbank/EMBL acces- 
sion no Z22968) Law, S. K. et a/, A new macrophage differentiation antigen which is 
a member of the scavenger receptor superfamlly- Eur. J. Immunol. 23, 2320-2325 
(1993) was ligated into the Kpnl and Not! sites of the mammalian expression vector 
20 pcDNA3.1/Zeo(+) (fnvitrogen). Stable transfected CHO clones expressing CD163 
were established by limited dilution and selection with 500 fig/ml Zeocin (Invitrogen). 
Expression products were analysed by immunoblotting of growth medium and cell 
fysate usfng the rabbit polyclonal antibody against the ligand-affinity purified human 
CD163. 

25 Endocytosis of 135 l-Hp-Hb In CD163-tranfected and mock-transfected CHO cells 
growing as confluent adherent monolayers In 24-weil plates was analysed as previ- 
ously described Moestrup, S. K. & Gliemann, J. Analysis of ligand recognition by the 
purified ct2-macroglobulin receptor (low density lipoprotein receptor-related protein). 
Evidence that high affinity of a 2 -macroglobulin-proteinase complex is achieved by 

30 binding to adjacent receptors, J. Biol. Chem. 266, 14011-14017 (1991). Endocytosis 
In the soluble SU-DHL- 1 histiocytic lymphoma cells (2 x 10 e cell/ml) was analysed as 
described Moestrup, S. K., Christensen, E. I., Sottrup-Jensen, L. & Gliemann, J. 
Binding and receptor-mediated endocytosis of pregnancy zone protein-protefnase 
complex In rat macrophages. Biochim. Biophys. Acta 930, 297-303 (1987). 
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CD163-mediated endocytosls of l-Hp-Hb complexes was studied in Chinese 
Hamster Ovary (CHO) cells transfected with CD163 cDNA (the abundant CD163 
form, Genbank/EMBL accession no Z22968), Fig. 7a (middle panel) shows the time 
5 course of cell-associated radioactivity and trichloroacetic acid (TCA)-soiuble radio- 
activity (representing degraded ligand) in the medium. The cell-associated radioac- 
tivity reached a plateau after one hour of incubation, and about this time, the 
TCA-soluble radioactivity significantly increased in the medium. Consistent with an 
endocytic uptake of Hp-Hb, a similar experiment conducted in the presence of the 
10 lysosomal inhibitors, chloroqulne and leupeptln, showed a continual Increase in cell- 
bound radioactivity for 3 hours with essentially no TCA-soluble radioactivity detected 
(Fig. 7a, right panel). 

The endocytosls of Hp-Hb complexes was mediated by CD163, since no uptake, 
15 and consequently no TCA-soluble radioactivity, was detected in incubations with 
CHO cells not expressing the CD163 antigen (Rg. 7a, left panel). Furthermore, up- 
125 

take and degradation of l-Iabefled Hp(2-2)-Hb can be Inhibited by purified IgG 
from anti-CD163 serum and by unlabelled Hp(2-2)-Hb complexes (Fig. 7b, left 
panel). Similar results (Figure 7b, right panel) were obtained with the myelo- 
20 monocytic SU-DHL-1 cell line (Epstein, A. L. et at. Biology of the human malignant 
lymphomas. IV. Functional characterization of ten diffuse histiocytic lymphoma cell 
lines. Cancer 42, 2379-2391 (1978), the only cell line Pulford, K. t Mlcklem, K. ( Law, 
S. K, & Mason, D. Y. in Leukocyte Typing VI. (eds. Kishimoto, T. et al.) 1089-1091 
(Garland Publishing Inc. New York, 1997) known to express the CD163 antigen, 
125 

25 and with 1 ^-labelled Hp(1-1)-Hb complexes although a lower rate of uptake was 

observed in comparison with the '"l-labelled Hp(2-2)-Hb complexes (data not 
shown). The SU-DHL cell fine expresses, in addition to the most abundant CD163 
variant, also two less abundant variants Law, 5. K. et al A new macrophage differ- 
entiation antigen which is a member of the scavenger receptor superfamily. Eur. J. 
30 Immunol. 23, 2320-2325 (1993) with different cytoplasmic tails. 
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Example 5 

Methods of detection and measuring of soluble CD163 (sHbSR) In plasma and 
serum 

Soluble CD163 has been detected in plasma in normal human subjects by ELISA 
5 and Western blotting. The western Wot shows a protein of identical electrophoretic 
mobility as full length HbSR/CD163 indicating that the protein in plasma either rep- 
resents the full length protein or only a slightly truncated protein. Because the pro- 
tein is soluble in plasma we designate it soluble CD163 (sHbSR) 

10 The following Sandwich-ELlSA-type assay for measuring the concentration of 
sHbSR has been developed: 

-Polyclonal antibody (Rabbit-antiCD163, produced by DAKO for S.K.Moestrup) Is 
coated onto mlcro-titer wells (concentration In buffer 4 mg/l). Plates are kept at 4°C 
until use. 

15 -The wells are washed 3 times in phosphate-buffered saline (PBS), and 100 micro- 
liter (pi) of each sample (e.g. plasma or serum, diluted 50 times In PBS with albu- 
min) is subsequently added to the wells. The samples incubate for 1 hour at 22°C 
with agitation. 

-The wells are washed again 3 times in PBS, and 100 pi of monoclonal antiCD163 
20 (GHi/6, produced by PharMtngen, diluted 500 times In PBS with albumin) is added 
to each well. The antibody incubates for 1 hour at 22°C with agitation. 
-The wells are washed again 3 times in PBS, and 100 pi of polyclonal, peroxidase- 
labeled antibody (Goat-antirabbit (P447) produced by DAKO. diluted 8000 times in 
PBS with albumin) is added to each well. The antibody incubates for 1 hour at 22°C 
25 with agitation. 

-The wells are washed again 3 times in PBS, and 100 pi of a substrate-solution 
(OPD, orthophenyidiamlne, with H 2 0 2 added) is added to each well, and the colour- 
development is subsequently stopped after 15-30 min by addition of 50 pi of 1 M 
H*S0 4 . 

30 -The Intensity of the colour is proportional to the concentration of sHbSR in the 
sample, and is measured in a micro-plate reader at a wavelength of 495 nm (using 
620 nm as a reference). Standards with known concentrations of sHbSR are ana- 
lysed in the same way on the same plate, and a standard curve can be produced. 
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The colour-Intensity of the sample, therefore can be transformed into concentration 
by comparing with the standard curve (fig. 8). 

Assay-characteristics 

5 Assay precision: Coefficient of variation = 2-4 % In the measuring range (intraserial) 
Detection limit (the minimum measurable concentration): approximately 0.2 pg/I 
Bias: no matrix effect has been observed in plasma samples of different dilution 
Specificity: In western-blots (of serum after affinity-purification with polyclonal anti- 
CD^, and subsequent blotting with monoclonal antiCD163) one single band is 

10 observed, with a molecular size corresponding to soluble HbSR. For Western blot- 
ting, sHbSR in 100 ^l plasma is Initially captured by a polyclonal anti-human 
HbSR/CD163 antibody linked to Sepharcse. The beads are washed and subjected 
to traditional non-reducing SDS-gelelectrophoresIs and western blotting with a 
monoclonal anti-human HbSR/CD163 antibody. The capturing reagent and detect- 

1 5 ing reagent may be modified as in the ELISA assay described above. 

Concentration of sCD163 in blood donors and patients 

The mean concentration of sHbSR in plasma from 31 blood donors was 265 yg/l. 
The concentration In 31 paired serum samples was not different 254 |jg/l ), indicat- 
20 ing that both sample types can by used in the assay. 

In preliminary experiments, randomly assayed samples from patients from a hema- 
tological department, have shown values ranging from the normal values found In 
blood donors to values 5-10 times higher. 



30 
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Claims 

1. A Hp-Hb complex (haptoglobin-haemoglobin oomplex) or a part thereof or a 
mfmlc thereof being operably linked to a substance, wherein the Hp-Hb complex 
or the part thereof or the mimic thereof Is capable of binding a CD163 receptor 
and/or a CD163 receptor variant. 

2. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 1 , in 
a purified form. 

3. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 1, In 
an isolated form. 

4. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 1 . 
15 wherein the complex is dimeric. 

5. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 1, 
wherein the complex is mulUmerfc. 

20 6. The Hp-Hb part or mimic according to claim 1, capable of binding to a region in 
the SRCR domains MX of the CD163 receptor 

7. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 1, 
wherein the substance comprises a medicament. 

25 

8. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 7, 
wherein the medicament is selected from antibiotics and anticancer drugs. 

9. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 8, 
30 wherein the medicament is selected from anti-HlV drugs. 

10. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 1. 
wherein the substance comprises a gene. 
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1 1 . The Hp-Hb complex or a part thereof or a mimic thereof according to claim 10, 
wherein the gene comprises a nucleic acid, such as PNA, LNA, DNA or RNA. 

12. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 10, 
5 wherein the gene comprises cDNA. 

13. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 10, 
wherein the gene is encoding CD163. 



10 14. The Hp-Hb complex or a part thereof or a mimic thereof according to claim 1, 
wherein the substance comprises an antibody or an antigen. 

15. The Hp-Hb complex or a part thereof or a mimic thereof according to any of the 
claims 1-14, wherein the substance comprises a tracer or a marker. 

15 

16. The Hp-Hb complex or a part thereof or a mimic thereof according to any of 
claims 1-15 for use as a medicament 

17. A method of treatment of an individual comprising administration of the Hp-Hb 
20 complex or a part thereof or a mimic thereof according to any of claims 1-14. the 

method comprising the steps of: 



iv) providing a Hp-Hb complex, or a part thereof, as defined in any of the claims 
1-16 capable of binding to the CD163 variant, 

25 

v) operably linking a substance as defined in the claims 1-16 to the Hp-Hb 
complex, or a part thereof or a mimic thereof, 



vi) administering the substance operably linked to the Hp-Hb complex or a part 
30 thereof or a mimic thereof to an individual in need thereof. 

18. A composition comprising a Hp-Hb complex or a part thereof or a mimic thereof 
as defined in any of claims 1-17. 
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19. A CD163 variant capable of binding at least one haptoglobin-haemoglobin (Hp- 
Hb) complex. 

20. The CD163 variant according to claim 19, wherein the at least one Hp-Hb com- 
5 plex is dimertc. 

21. The CD163 variant according to claim 19, wherein the at least one Hp-Hb com- 
plex Is multimeric. 

10 22. The CD163 variant according to claim 19, comprising the SRCR domains l-IX of 
the CD 163 receptor or a variant thereof 

23. The CD163 variant according to claim 22, comprising at least the Hp-Hb binding 
region. 

15 

24. The CD163 variant according to claim 19, , wherein the binding affinity has a Kd 
of 100 nM or less. 

25. The CD163 variant according to claim 19, wherefn the binding affinity has a Kd 
20 of 10 nM or less. 

26. A CD163 variant according to claim 19, which is soluble 

27. The CD1 63 variant according to any of claims 18 to 26 for use as a medicament. 

25 

28. A method of treatment of an Individual comprising administration of a CD163 
variant according to any of claims 18 to 26. 

30 29. The method according to claim 17, wherein the method comprises drug-delivery 
treatment of an individual in need of such treatment. 

30. The method according to claim 17, wherein the method comprises gene delivery 
treatment of an individual in need of such treatment. 

35 
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31. The method according to claim 17 or 28, wherein the method comprises treat- 
ment of haemolysis in an individual In need of such treatment 

32. The CD 163 variant according to any of claims 19 to 27 for use in a diagnostic 
5 method. 

33. The CD163 variant according to claim 32 said CD163 being expressed by a cell 
said method comprising administrating a Hp-Hb complex operably linked to a 
marker for marking the CD163 representing cell. 

10 

34. The CD163 variant according to claim 33 for Identifying macrophages in a bio- 
logical sample from an individual. 

35. The CD163 variant according to claim 19-27, wherein the method is for the Jden- 
15 tification of at least one Hp-Hb complex in serum and/or plasma of an Individual. 

36. The CD 163 variant according to any of the claims 19-27, wherein the method is 
for the removal of at least one Hp-Hb complex In serum and/or plasma of an in- 
dividual. 

20 

37. The use of a soluble CD163 according to claim 26 for diagnosing, monitoring 
and/or controlling a condition 

36. The use of a soluble CD163 variant according to claim 26 for diagnosing, moni- 
25 toring and/or controlling a condition 

39. The use of the soluble CD163 and/or CD163 variant according to claim 37 and 
38, in which the condition Is selected from: hemolysis and/or other hematological 
conditions, aplastic anemia, iron-deficiency anemia, megaloblastic anemia, 

30 sfckle-cell anemia, polycytemia, malaria, leucemia, myelodysplasia, lymfoma, 

leukopenia, splenectomia, inflammation, infection, cancer, autoimmunity, immu- 
nodeficiency and glucocorticoid medication or cytostatic medication 

40. A composition comprising at least one purified CD163 receptor and/or at least 
35 one purified CD163 variant according to any of the claims 19-27. 
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41 . Use of a composition as defined In claim 40 in the manufacture of a medica- 
ment, 

5 42. The use according to claim 41, wherein the medicament Is for treatment of 
haemolysis in an individual in need of such treatment. 

43. The use according to claim 41 wherein the medicament is for the removal of at 
least one Hp-Hb complex in serum and/or plasma of an individual. 

10 

44. The use according to claim 41, wherein the medicament is for determination of 
the haemolysis rate of an individual. 

45. Use of a composition as defined in claim 18 in the manufacture of a medica- 
15 ment. 

46. The use according to claim 45, wherein the medicament is a marker for a cell 
expressing a CD163 variant according to the claims 19-36, wherein at least one 
of the haemoglobin or haptoglobin molecules are labelled. 

20 

47. The use according to claim 46, wherein the cell is a macrophage. 

48. The use according to claim 45, wherein the medicament comprises at least one 
drug to be delivered to a cell expressing a CD163 receptor or a CD163 variant 

25 as defined in any of the claims 19-27. 

49. The use according to claim 45, wherein the medicament comprises at least one 
gene to be delivered a cell expressing a CD 163 receptor or a CD163 variant as 
defined In any of the claims 19-27. 

30 

50. The use according to claim 48, wherein the medicament comprises an antibiotic 
or an anticancer drug. 

51. The use according to claim 49, wherein the medicament comprises an anti HIV 
35 drug. 
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52. The use according to claim 45, wherein the medicament further comprises a 
CD163 variant as defined In any of the claims 19-27 for the identification of at 
least one Hp-Hb complex In serum and/or plasma of an Individual. 

5 

53. Use of at least one complex comprising haemoglobin and haptoglobin as a 
marker for a cell expressing a CD163 molecule as defined in any of claims19-27. 
wherein at least one of the haemoglobin or haptoglobin molecules are labelled. 

10 

54. The use according to claim 53, wherein the cell Is a macrophage. 

55. Use of at least one Hp-Hb complex for the delivery of at least one drug to a cell 
expressing a CD163 molecule as defined in claims 19-27. 

15 

56. Use of at least one Hp-Hb complex for the delivery of at least one gene to a cell 
expressing a CD163 molecule as defined in claims 19-27. 

57. A DNA sequence encoding a CD163 variant as defined In any of claims 19-27. 

20 

56. A DNA sequence encoding at least one polypeptide capable of forming a Hp-Hb 
complex, said complex capable of binding to a CD163 receptor anchored to a 
cell, whereby a substance operably linked to said polypeptide is taken up by the 
cell. 

25 

59. A vector comprising a DNA sequence as defined In claim 57 or claim 58. 

60. A cell comprising a vector as defined in claim 59. 
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S3&CLTTGAT1* I SDQWLLTTAKNUXNKSET ASAKD I A PTLTliYVClDIQLVE I XKWLH P 161 
5 AHCLTTGATL I S Z3QWLLT771Q1ILFLN1V EMATAKPX APTliTLyvSENQLVE IEKVVLKP 131 
SRI^ITaATI*ISt^WIXTTAn«I4TJWE3ATBK15lAPTLKL 18 0 

$ KHNLTS CATL I^QWlXTTAIOT-FT.GMKlJD AKAND I APTLKLYVG KKOL VE VEXWLHP 167 



tp|P00737 jKFTl HUMAN N YS QVD IGL,1 1CLKQFVS VHJlR VMP I CLPS KDY AE VORVC3YVS G ANFKFTDHLKYVM 241 

cp j PO 07 3 6 j HPT2^HOHAN NYSQVDICLIKWCqKVSViravMPICl-PSKDYAEV^^ 300 

Bp J PS 04 X 7 j HPT_ATOQE NYSQVDIGL.I XJLKDKVPVHERVMPI CLPSiaJYAEVORVGYVS GW OVF ANTTOrTDHL KYVM 241 

Cr | Q« 0374 | Q6 0374 NHSVVDIOLIKLlCQRVLVTEMVMPlCLPSia3YVAPGRVaYVSGHGP^QDFl«^ 241 

tr J QS1S46 J QC1G45 NHSVTVDIGLIl^JCqRVLVTERVHPTCLPSKDYI APGRVOYVSGWG^ANF^ 241 

□p[QC2SS0 j HPT_MU5SA NBSVVDXOXIiaJCQBVLVTEHVMPICLPSroY^PORVCY^GW 2 41 

»p | P0 e » C G j HPt"»AT EAfl VVDrOX.I7^JCQK\n^VTE^VMPlcLPSi»YVAPGRMGY^ 241 

t r I Ol 50* 6 j o35 0 a6 NHSVVDlGV31CLJ*QTC\rpVKER\^IC^^ 240 

Bp j P13006 j HPT^CANFA DYS KVD I GLI W*XQXVPIDEH VMPI CLPSTOYAEVCSIGYVS CT*GHH£NFKFTEW*KYVM 323 

B p | PO 073 7 1 HPT1_HUMA2* LPVArQIX2ClAHYEGSTVPE7iKTPl^PVGVQPIL^EKIT 3 01 

rp | P0 071 0 | HPT2^HUWAW L PVAPQPQCIRHYEG* TVPEKXTPES PVOVQP I l^reH7/FCAGJ<41CYQEDTCy GnAGfl AFA 36 0 

*P J PS 04 1 7 j HPT_ATEOE LPVadqYQCVKHYEOSTVPEKKTPXS PVOOQPILREOTFCAGHSKYQEETCYGDAGS AFA 3 01 

tr I QC 0 5 7 4 j Q6 0374 LPVADQDKCVVHYi; JC*TVPEKJCN7TS PVCVQp J12TOirrFCACl*TEYB£l?rcyGPAaS ATA 3 01 

tr 1 Q« 1C 4 4 j QG 1«4 « L,PVADQDKCWKYEN3TVPEKKire.TS PVGVQPI wnmTFCAGLTJCYQKtJTCYGDAGS AFA 3 01 

sp I Q6 2SSA j HPT_MUSSA LPVADQOlCCVVHYEK<STVPSXK17FT5 PVOvaPTU^EHTTCVGLSRYQEETCYGDAGS AFA 3 01 

cpjpOGBSS JHPT_AAT iPVMJQEICCEliHYEiaTVrejCKOAVTTVGVQPIl^^ 3Q1 

trjo3*0»f J 035^8 6 LPVAl)GDdCMXJnEGSTVTE70>S5]CSdVGVQPIUIEBTF^ 3 00 

Bp j P190 06 1 HPT_CAHFA LFVAOQCKCVQHYEGSTvpEUSPXSFVGVQPIU^UrrCAGTlS]^ 263 
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VHM^EEBTWYAAO JlidFDXS CGVAEYGVYVXAfTSIQDWVQlrt IABf 347 
I BnMESDTWY AAG I I*S JT>KS CAVAfiYGthrVRATDLKDWVQtTKAKN J4 7 
j HDK^DT^XAOII*flFPI^CAVAEYGSryVRATDL^WQ£TMA^ 347 

VHryj*EDTVfYAAQTl-fi FX)K5 CAVAITf crVYVJtATDLKfiWVQETMAXM 347 
IHDLEQDTWAAfiII*S FDKS CSVAE* gWVKWS FtDWIQiETOAiaf 3*« 
VHDQDKDTVYAXG ILS TDKS CTVXEYGVWKVPS VlAWVQlTf I AGK 32S> 
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CDXSj MVlXEPSGSADFlUlHrvm^PrrjTVVIAl^ACrVTSSI^T0KEL1^VDCDn:cSGRV5 60 

CD163 eye- V«r 1 MVLLEDS G5> AD FRAHFVKW5 PFTITVVLLLS ACFVTS5LC<?n]KKI*RLVD<5ENKCS GRVE CD 

CDlfJ cyt . var 2 NVH^DSGSADFRRKFVNLS prriTVVXALSACi^CSLO<^rojCELRLVr>G£KKCSaRVt €0 

CW.S3 ext. ceXl. Var. KVI*LEI}BG3 ADFRXHFV29L5 PFTITVVlXLS ACFVTSS LGGT3 WCLRLVDaEKKCS GRVE €0 
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Cr |Q07B 5& lQ07B9e 
tr|QG790l|Q07901 
CI" |Q07500 j Q079OO 



VKVQEE«GTVQWGW SHEAVS VI CNQlGCPTAX KAPGWAtfSSAGSGRI WffDKVS CRGJJES 12 0 
VXVg^W«iTVCl*NaVSH£AVSVIC»QI^C^ 12 0 

VKVQEEWGTVCNNCWSMEAV5 VI CNQriGCPTAl XAFGHAMdS A&SGRI WWCHVSCRGKCS 120 
VKVQBCWGTVCMblOWflMEAVS VICNQIJ=CPTATKAPGWANSSAOSaRl WfDKVSCRCNES 12 0 



tr |Q0733fl ]QD7896 
tr|QO79Ol|Q079Ol 
Cr|Q0790Q |QO79D0 
trlQ07*»»|Q07599 



AI*V^C10TCWCF3^CTHQQDAC;\rr«PGSNI,EPrKLTRGCKHCS GR I E I KFQGR WGTVCD 1» 0 
ALWDCKKDGWGiaiSNCTKQODAGVX'CSDQS NIjEMRLTEGGNMCS OH.IE I KFQGft VGTVCD 180 
ALWtKH^aWaiTONCTHQQ3AGVTC^nc^NLEKRLTR<XS>^ 1 ft 0 

ALWDCfADCVGinszf CT7QQDAGVTCS IX^I^EMALTRGGKMCS GR I E I KFQGP.WGTVCD ISO 



tr|Q07S3ftjQ07s9» 
cr|Q079Ol |Q0790L 
Cr|Q07900lQ07>00 
Cr(Q07599 |Q07B99 



ZKnriDKASVIO(QXA<^AV5FSGS51^G£G5aPIUFT)DLZCKGKESALWirclCHQgWGi: 24 0 
DfTFNjt>HASVIC*aLECG3XVSF£GS5NF0KCMCPIWFDDLrCNCOT3ALWKCTCK3GWGK 24 0 
DK7MIDRUVICRQLECA3AVSPSGoSl^aES3CP7WFSDLrC3^S5ALWKCXHC^WG1C 24 0 
Drn^ZDHASVZCft0LFCGSAV5rEGS5KFG7G5GPIWTDDLIC3«GK£5ALUKCKHQGWGK 34 0 



cr|Q07B96|QO7B98 
cr|QO750l|Q073Ol 
trlQ07500 (007900 
triQ0?S99 |Q07S99 



KFCOKAEDAGV I CS KGADL.S UlLlDOVTECSGRl-S VRFQGSMCTI CDDGTOS YD*AVACK 300 

HNCDHAEDACVlCSKGADLSIJ*LVDGVTECSGRi£TO 9 00 

KNCDHATDAGVI CS KGADLS LRIiVDGVTICSGRLEVRFQGSWGTI CODQWDS YDAAVACK 3 00 

KJCDKAED AG VI C3 KGADLS lALWDGVTlCSCJilLEVRFQGZWGTI CDDGVDS YDAA VACK 3 00 



|Q07*?a |007*Sl 
Vr|Q0790llQ075Ol 
cr|Q079O0|QO7900 
t:r|Q078*9 ]Q07B99 



QLQCPTAVTA I GRVKAS KGFGHI WJW3S VS CQCKZPAVWQCKffiEKGKJfYCKHIJHCAGVTC 360 
QLGCPTA VTA I GRVNASKGFSHI tfLBSVS CQGKEP AVWQCXKKZWGKHY CHHH2DAGVTC 3 C 0 
QIX3CPTA VTA I GAVNAiXGfGHI WLDS V5eQGHS?AVVQCKXK£WGKCTCHKtf£DAC VTC 3 £ 0 
QLacPTAVI7\IGXVWASJCaPGHtWLDSV3CQGKEFAVVQC^ H0 



Cr|Q07B96|C07e9B 
tr |Q97901 IQ07501 
cr|g07> 00 j Q0750C 
tr |Q07B99 |Q07B99 



SDGSDL^ZiRl<KGCG9KCAGTVEVEIQRIXGI^CDftGVOXtK£AZ>VVCRQI/«CGSAL1CT£yQ 4 3 0 

5D0SDLZUILRGOGS RCA3TVEV&1 QRLLG IT/CDRGVGLtKEADVVCRQLC CGS AZ.XTS VQ 4 20 

SDCSDTJTLRLROOOSRCACTVEVEIQRl^iarCDJlGWGLKZADW 4 20 

SDGSDLtLPXRGXWSRCAGTVEVEIQRXiLGKVCDRGWGLTCSADVVCRQLGCGSALKTSVQ 4 20 



tr|Q07B98 JQ07B9B 
tr IQ07901 |Q07901 
tr JQO79O0 |Q079O0 
tr|Q07B99 |Q07B95 



VYS KI QATHTWI.FLS S CKGKETSLWpCKKWQWGCl-TCDKlf EEAX1TCS AJ£R£PRL VCOD I 4 8 0 
VYSKl QATNTVLFU 5 OTGlTiTSIjWDOTWQWGGLTCDKYEEAKITCSAKREPRLVGQDl 490 
VYAKIOAXOTKLFLSSCHGNETSIiWpciClTOQWa^ 4 B 0 

VYSKI QATNTWLFLS S CWGKETSljWDCKNWQWaaiiTCDHYEtAKITCS AKRtPRLVGGDI 4 BO 



tr ;Q07B»fl ]Qg7*9fl 
tr jQQ790l|Q07901 
cr|Q07900 |Q07900 
tr |Q07699 IQ07B99 



PCSOR VSVKHCDTWGS I CD5DF5tEAA£ VLCRELQCGTW5 ILGGAHFCEGNGQIWAEXF 5 4 0 
PCSGRVZVKHGDTWaS Z CS3X>FSIi?AA5 VL CREIjQCGTWJS II/SGAHFOEGIKSQ I WAEEF 34 0 
PCSGRVEVTOGDTWGS I CPS QFS LE AAS VL CR2L0CGTW S 7LQGAHFGEGN3Q I VAXJtF 540 
PCSGHVEVKHtfinTCSICMDFSLEAASVLCR 540 



tr|Q07fi9B|Q076S8 
Cr[Q0790l]QO79Ol 
crja07900|Q07900 
tr JQ07B99 JQ07BJ9 



QCE91I^KLSLCPVAPllP£GTC5BSROVGVVC9 " 573 

QCE3HESHIJXjCPVAERrcGTTC3HSRDVQW^SKTQKTSLIG^ C 00 

QCEGIffiSHLSLCpVAPRPEGTCSHS RDVGWC5 S 7 3 

QCKaHESHLSI^PVAPRPEGTCSKS RDVGWCS 573 



crfQ07|9B JQ07B9S 
tr jQ0790l(Q07901 
tr|Q07900lQ0790D 
trlQ07fl99ja07d99 



RYTE I RLVNGJCTPCK»VELFTLGAVGSI,CN5H«D IEDAHVLCQQLKCGVALST < 3 7 

KpCIXFGYTEXl^VKGKTPCEGRVCIJCTLGAWGSLQT5HW£} IEDAHVI>CQQLKCGVALST * 6 0 

RYTE IRLVNGKTPCXGRVELKTI/3AWG5LC3JSHWDIFJ1AKV1^M 637 

RYTE IRLVHGKT PCEGR VETJCTXfGAWGSLiCtfSHWDX tDAH VLCQQUCcgV ALST 627 
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PCGARFGKGNGGX WRHMrHCTOTXQHMODCPVTAiGAfiX-CPSEQVAfi VI C5GNQS QTLSS « 8 7 

PGGAR FGKCNGQ X WRHMFH CTOTEQKMSPC P VTALGV5LC PSEQVAS VICS GNQSQTL3 3 7 30 

F«MFGXGNGQIWHHMFHC?GTCQHMGD^^ 6 87 

POaARrGKaSfGQlTOm^HCTG^QHMGDCPNrr^^ Cfl7 
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£r]C07fl9B |Q07B98 
tr|Q07501 |Q07901 
Cr (Q07300|Q07900 
cr |Q07B95|O07B99 



SLGPTftPTI PZZiAVACI£3GQUH*VKGOOftCACTVSIYKCC:s«CTICnDSWDI>SD 747 
CNS*SI^PTRPTIP£E^VACIESGQlJU,VKGGGRC»GRV^ 760 
a^SSSLC PTRPTIPEX5AVAClE3GQLJlLVNCCGRCAGRVEryK5:C5WGTI CTJDSWDLSD 74 7 
CNSSSWPTAPTIPEESAVACIAACQLRLVNOQGRCACBVEI YHEG S WOTT CCDS VUL5D 74 7 



cr|Q0789»|Q07*»B 
cr|Q07SDl jQO7901 
crlQO79OO|Q079Ot) 
Cf |Q07t 9S IQ07B59 



AHVVCRQlXSCGEAlNAT^AHFCEGTGFIWI/DSMKCNG B07 
AKWCRQLGCGEAINATG5 AHFGECTGPI WLDEKJCCNGKESR t V0CHSJK5WGQQKCRKK2 ft 4 0 
AHWCRQI/K^O^INATGSAHFQ^GTGPIWI^EHKCl^^ 607 
AKVVC^QLOCGEAINATGflAHFGiGTGPJKLDEKKCNGKESP IWQCKSBGWGQQNCRHKE B 07 



cr|Q07B98 |Q0789B 
tr |0O7S01 [007901 
cr|Q0?9O0|qD79OO 
tr|007359[Q07599 



DAGVICSE7MSLRl*T3EMa.^CAOP^VFYIIGAWGTVaKS5MSETTVGWCRQl-BCADK Ifi7 
DACVtCSEFKSl^LTSSJVSREACAGRLEVn^GAWGWGKSSRSriTVGW 9 00 

DAGVI CSKFMSLHLT5EAS H.CACA0R1*EVFYNGAWGTVGKS 5MSETTVG WCRQI<GCA5X 167 
DAaviCSEFMSlJlLTCKAaREACAGRLEv-r YWGAWOTtfGlCSSMS£TTVGVVCROLGCArJK 8 6 7 



irlC07«SB |Q07ilB 
cr lCO790l|O0750l 
:r tCC7900|Q07900 
tr;QC7B99|Q07599 



GK INPAS LDKAMfi I PrfWVDNVQCFRCPOTLUQCPS 5PUEKRLAS PS EETtf ITCDWK IP.LQ 927 

GKIKPASLDKAMSI PHWVDI^TQCPKG?irfl,WQCP33PTOK3UASP55iTWITCDWKIJa>Q 527 
CKINPASLDKAM5 1 PMVVDNVQCPRGPDTLWQCPSS PWEKRLAS FSEfiTWI TCDWK I?XQ 927 



tr|go749B |Q07e9* 
crjQD7901 [QD7901 
irjaa7900 |Q079O0 
cr !C07S99(Q07tS9 



EGPTS CSGRVEI WT4GG5 VGTVCDD5 WD^DDAQVVCQQLGCGPALKAF JCCAi FGCOTGP I W 987 

SOFTS CSGRVEI V-^GasWGTVCDD5>TOLT5DAQVVCQQUGCSPAL7JUPKEAEFOQGTG?IW 1020 

SGPTS CEGHVEI VKGasWCTVCDDS WDLDD AQ WCQQl>GCGPAl,KAFKiAirGOCTG Pt W 98 7 

EOPTS CSCRVZI WHCGSWGTVCDDS HDLDDAQWCQQL.GCGFALKAf'KZAETGQGTGF IW 9 B 7 



:r jQ07t53 I007B9B 
Sr|QO7501 |Q0750l 
cr |C0790O)Q07SO0 
:r 1Q07B&9IQ07B99 



!J*EVKCKGNESSL>T3CPARR*rfGH£ECGHrJDAAVNCTDI S VQltTFQKATTSRSSRQS STI 104 7 
Lt?» VKCKGN5 S S LitfDC PAR3 WGKS E CGHKE DAA VN CTD I S VQKTPQKATTCRS E HQ 3 SF r 1 06 C 
' U^KCKGNE5SLWDCPARRWG«SEC0rtTC=DAAVNCTDISVQKTP0KATTGRSSRQSS?I 1047 
U^&VXCKGNTSSliWD CPARR MgRS* CGHKEDAAVN CTDX S VQKTFQKA.TTGRSS RQ5 871 1047 



tr}Q37B»a [Q07B98 
tr IQ07901|Q07901 
tr |Q07900 JQ079O0 
cr IQ07B99 (Q07B99 



Cr[Q0789ft]Q07B98 
tr|Q07901 (Q07901 
Cr|QO79OO|Q079DO 
tsr [QD7B99 JQ07B99 



AVGTl.GWLUV JS^AIJTTiTXXJIRQRQJILiAV^SP.GENLVHQIQYREMNS CU*ADDL£»LMN 1107 
AVGI£^V^nJIJ^ I FVAXiFFLTKKP^CRQRIA VSSROS/LVKQIQyREKKS CLKADCLOLHK 1 14 0 
AVGl XjG\r\TLj^ZFV7<l+FtljTKT&nQZQTUJL 1 1 57 

AVC Il.aVVIiIAirVAl*rFLTXKRRfiRQRl*A VSSRGENLVRQ1 QYREMNS CLUADDX.DLMH 1 1 07 

SSG- GH5EFH • 1X15 

35Q -GBSKPJi--' * 1149 

5S GLiWVLGGS IAQGTR5VAAVEAQTPYFDKQI«XK£ IQ7VZGSX.X1AYNGQE 3-156 
SS£ NSHESAJ)^aAATLI5VSiaT;pl5G7!EXCAII^Kl72KEa<lGB^ 1151 ' 
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